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OUTSTANDING NEW TEXTS FROM 
MACMILLAN 


PHYSICAL DISTRIBUTION MANAGEMENT: The 
Logistics Problems of the Firm 


By Edward W. Smykay and Frank H. Mossman; both of Michigan State Uni- 

versity; and Donald J. Bowersox, formerly of Michigan State University, now 

Assistant Director, Business Development, Railway Express Agency. 
This detailed and comprehensive treatment of all aspects of physical distribution 
examines problems of optimizing the physical flow of goods through a network of 
marketing institutions and varying modes of transportation. Plant and ware- 
house location, operation, and planning are discussed in the context of available 
marketing and logistics alternatives. Emphasis is placed upon practical appli- 
cation and problem solving techniques. 


1961 283 pages $6.00 


PLANT LAYOUT AND DESIGN 


By James M. Moore, Clarkson College of Technology 
Application rather than theory is stressed in this undergraduate text which 
completely integrates all aspects of the plant layout problem. The important 
new concept of applying operations re search tools to increase the effectiveness 
of plant layout is emphasized. Carefully selected problems provide an oppor- 
tunity for the student to gain practical experience in layout and design. 


In press 


INTRODUCTORY SOIL MECHANICS AND FOUNDA- 
TIONS, Second Edition 


By George B. Sowers, Consulting Civil Engineer, Cleveland, Ohio; and George 
F. Sowers, Georgia Institute of Technology 
Greater emphasis has been given to the physics of soil mechanics in the new 
edition of this introductory text on modern soil mechanics and foundations. 
Other new features include the most modern theories of cohesive soil structure, 
the physical properties of clay soils, and the analysis of both shallow and deep 
foundations. 


1961 386 pages $8.00 


HEAT TRANSFER 


By Alan J. Chapman, Professor and Chairman of the Department of Mechanical 

Engineering, The Rice Institute 
The three modes of heat transfer—conduction, convection, and radiation—are 
treated in this basic text. An “engineering science” approach characterizes the 
discussions of fundamental concepts and their applications to the solution of 
physical problems. While mathematics is freely employed throughout the text, 
most of the material involving advanced mathematical techniques may be 
omitted without causing any imbalance. 


1960 452 pages 


60 FIFTH AVENUE, NEW YORK 11 


$9.00 


A Division of The Crowell-Collier Publishing Company 
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HEAT-TRANSFER CALCULATIONS BY 
FINITE DIFFERENCES 


By the late G. M. DUSINBERRE, The PennsyI- 
vania State University. 


Tke past twelve years have witnessed a great 
many striking advances in engineering. These ad- 
vances have led to the development of nuclear power 
reactors which have stimulated research on convec- 
tion, boiling, and flow stability. The development 
of missiles and high-speed aircraft has stimulated 
research in aerodynamic heating and boundary-layer 
effects. In both of these developments there are 
serious problems of heat conduction, distribution, 
and the resulting thermal stresses. The means of 
attacking these problems has become, essentially, 
a new work. 


The practicing engineer has, in principle, a choice 
between analytical, analog, and finite-difference 
methods for the solution of problems in temperature 
fields. In many cases, a finite-difference approach 
will lead to economical and valid computer pro- 
grams. This book presents a reliable and compre- 
hensive guide to finite-difference methods for heat 
transfer calculations. It is built around a series of 
examples which cover a wide variety of applications. 


Approx. 320 pages.” Probably $10.50. 


INTERNATIONAL TEXTBOOK COMPANY 


‘Scranton 15, Pennsylvania 
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WE’RE REACHING INTO SPACE 


Bell Laboratories research 
with chilled ruby amplifiers 
speeds the day we may 
telephone via satellites 


A strange combination of Nature’s forces at Bell Laboratories fore- 
shadows the day when world-wide phone calls may be relayed via man-made 
satellites orbiting the earth. It is a union of synthetic rubies and extreme 
cold, making it possible to amplify microwave signals from these satel- 
lites clearly. 


Synthetic rubies possess an extraordinary property when deeply chilled 
and subjected to a magnetic field. They can be excited to store energy at 
the frequencies of microwave signals. As a signal passes through an excited 
ruby, it releases this energy and is thus amplified a thousandfold. 


Bell Laboratories scientists chose a ruby amplifier because it’s 
uniquely free of “noises” that interfere with radio signals. For example, 
it doesn’t have the hot cathodes or hurtling electrons that generate noise 
in conventional amplifiers. It is so quiet that there remains only the noise 
made by matter itself in heat vibrations. But at a temperature close to 
absolute zero, this also is silenced. Even very faint signals from satellites 
can be clearly amplified and studied for their practical possibilities. 


Bell Laboratories scientists were first to discover that matter itself 
generates electrical noise. They also discovered that stars send radio waves, 
and thus helped found radio astronomy. It is particularly fitting that the 
same scientists, in their endless research on noise, should now battle this 
number-one enemy of telephony in the dramatic new field of communica- 
tion via satellites. The ultimate goal, as always, is the improvement of your 
Bell System communications services. 
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HEAT TRANSFER 


By BENJAMIN GEBHART, Cornell Uni- 
versity. 454 pages, $10.75. 


A senior level text and reference book containing a 


description of the physical processes, theories, and - 


methods of analysis in the field of heat transfer. 
The theories and fundamental formulations of the 
three modes of heat transfer are followed by phase 
change processes, combined mode analysis, ex- 
change design, and analogues. The physical na- 
ture of heat transfer processes is emphasized. 


AN INTRODUCTION TO 
INFORMATION THEORY 


By F. M. REZA, Syracuse University. 
The McGraw-Hill Electrical and Elec- 
tronic Engineering Series. Ready in July, 
1961. 
This book will consist of an introductory treatment 
of basic concepts in probability theory, followed by 
an introductory treatment of information theory 
concepts. Designed for a two-semester course 
for first year graduate students. 


METEOR SCIENCE AND 
ENGINEERING 


By D. W. R. McKINLEY, National Re- 

search Council, Ottawa, Canada. Ready 

in May, 1961. 
A technically sound and highly interesting review 
of the study of meteors slanted toward the radio 
engineer. Major emphasis is placed on the in- 
teresting and useful connections that have de- 
veloped in recent years between the modern 
science of radio and the small flying particles known 
as meteors. 


ELECTROMECHANICAL 
SYSTEM THEORY 


By HERMAN E. KOENIG, Michigan 
State University; and WILLIAM A. 
BLACKWELL, General Dynamics Cor- 
poration. The McGraw-Hill Electrical 
and Electronic Engineering Series. Ready 
in July, 1961. 
This pioneering work introduces into the literature 
of engineering a “discipline of lumped-parameter 
system analysis.”” This discipline is based on an 
expanded concept of conventional electrical net- 
work theory, and thereby brings into the domain 
of E.E. analysis a vastly broader scope of problems. 
The book develops the discipline, and shows spe- 
cifically how a single set of engineering concepts is 
applied to the analysis of a wide variety of mixed 
systems. 


Send for copies 
on approval 


Excellent New Be 


MECHANICAL RADIATION 


By R. B. LINDSAY, Brown University, 
McGraw-Hill International Series in Pure 
and Applied Physics. 415 pages, $10.00. 


A text designed for a unified course in radiation 
physics providing an introduction to wave motion 
at the senior-graduate level, using mechanical 
radiation as the principal vehicle, but laying stress 
on those aspects common to all kinds of wave 
propagation. Mechanical radiation is presented in 
the broad sense in integrated form by bringing 
together a unified treatment of the most significant 
radiation aspects of acoustics. 


TRANSISTORS AND 
ACTIVE CIRCUITS 


By JOHN G. LINVILL and JAMES F. 
GIBBONS, Stanford University. Ready 
this month. 


A senior-graduate electrical engineering text dis- 
cussing the fundamental problems involved in the 
application of transistors. The book develops the 
principles of transistor operation and the network 
theory relevant to transistor circuits. The model 
concept is stressed throughout. 


ELECTRONIC AMPLIFIERS 


By JOSEPH M. PETTIT and MALCOLM 
McWHORTER, Stanford University. The 
McGraw-Hill Electrical and Electronic En- 
gineering Series. Ready in July, 1961. 


A text and reference work for electronics engineers 
or advanced students. Covers the present state of 
the art of tube and transistor circuits, yielding the 
maximum gain, bandwidth, and speed of transient 
response, and examines how more advanced mathe- 
matics can be applied to the subject to bring into 
sharp focus the relative limitations of the various 
physical phenomenon and to provide new break- 
throughs in design. 


SEMICONDUCTOR DEVICES 
AND APPLICATIONS 


By RICHARD GREINER, University of 
Wisconsin. The McGraw-Hill Electrical 
and Electronic Engineering Series. Ready 
in May, 1961. 


A senior-graduate level text explaining how diodes 
and transistors function and are used in circuits. 
A thorough discussion of the properties of semi- 
conductors and junctions leads into an analysis of 
the transistor operation. Extensive application of 
the transistors to a variety of signal circuits, a de- 
tailed description of switching effects and switching 
circuits, and many completely worked example 
problems are included. 


McGraw-Hill Book Company, Ine. 
330 West 42nd Street, New York 36, N.Y. 
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ELECTRICAL AND ELECTRONIC 
DRAWING 


By CHARLES J. BAER, University of 
Kansas. 240 pages, $6.00. 


Offers a comprehensive and up-to-date treatment 
of the subject. The text deals with the preparation 
of virtually every type of electrical and electronic 
circuit drawing. Equal space is devoted to pic- 
torial drawings, connection drawings and diagrams, 
block diagrams, and schematic diagrams. 


DIGITAL COMPUTER 
FUNDAMENTALS 


By THOMAS C. BARTEE, Lincoln Labo- 
ratory, Massachusetts Institute of Tech- 
nology. 342 pages, $6.50. 


An introduction to the principles and fundamentals 
of digital computers. Describes computer opera- 
tions, programming, electronic computer circuitry, 
and the five major sections of a computer along with 
the functions of each. 


STATICS AND STRENGTH 
OF MATERIALS 


By MILTON G. BASSIN and STANLEY 
M. BRODSKY, New York City Com- 
munity College. 360 pages, $7.00. 


A modern, practical text for technical institute- 
junior college programs that offer statics and 
strength of materials in the same course or in con- 
secutive courses. Statics is covered in the first six 
chapters; the remaining chapters constitute a 
unified sequence in strength of materials. Calculus 
is not required. Text is based on PRACTICAL 
MECHANICS AND STRENGTH OF MaA- 
TERIALS by Leigh and Mangold. 


MECHANICS, Third Edition 


By JOHN W. BRENEMAN, Pennsylvania 
State University. 262 pages, $5.50. 


An introductory text on the fundamentals of me- 
chanics for students with a limited mathematical 
background. Covers statics, friction, centroids, 
moment of inertia, and particle dynamics. This 


ELECTRONIC CIRCUIT ANALYSIS, 
Volume |, Passive Networks 


By PHILIP CUTLER, Orange Coast Col- 
E— lege. 480 pages, $8.00. 


A thorough, comprehensive treatment of the theory, 
analysis and application of passive networks for the 
first course on circuit analysis at the intermediate 
level. The material is designed to give students a ? 
solid foundation in the basic concepts and tech- 
niques essential to mastering problems of analysis 
and design. A companion volume on active net- 
works is planned. 


ELECTRICAL PRINCIPLES 
OF ELECTRONICS 


By ANGELO C. GILLIE, Ward School of 
Electronics. 550 pages, Text ed. $7.00. 


A 2-semester, modern text on the fundamental 
principles and laws of electricity required for the 
study of electronics. The material provides the 
backgr d 'y to prepare for any electronic 
specialty. Text treats the characteristics of uni- 
directional circuits, sinusoidal circuits, and complex 
waveform circuits. 


MODERN AIR CONDITIONING 
PRACTICE 


By NORMAN C. HARRIS. Bakersfield 
College. 376 pages, $6.75. 


This one-semester text cover theory and practice. 
Includes basic physics, psychrometry, load calcula- 
tions, refrigeration theory, summer and winter air 
conditioning system design, and the work of the 
sales engineer. Evaporative cooling is treated 
from an engineering standpoint. 


BASIC GRAPHICAL KINEMATICS 


By HAROLD B. KEPLER, U. S. Air Force 
Institute of Technology. 314 pages, $6.00. 


The graphical approach is stressed in this text which 
is designed for brief, intensive, introductory 
courses. All traditional topics of kinematics are 
covered; in addition, separate chapters deal with 
drafting techniques applicable to solving kinematics 


edition was rewritten to conform to engi ing probl graphically, vectors and vector equations, 
notations. and motion curves. 

McGraw-Hill Book Company, Inc. Send for copies 
330 West 42nd Street, New York 36, N.Y. on approval 
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Selected RONALD books... 


| 
PRINCIPLES OF 
ENGINEERING ECONOMY 


EUGENE L. GRANT and W. GRANT IRESON 
—both Stanford University 


Fourth Edition of this definitive book analyzes the economic aspects of 
engineering decision-making. It gives basic principles for making hundreds 
of practical decisions, such as acquisition and retirement of capital goods, 
choosing between alternative methods of financing, and income tax con- 
siderations of investment proposals. Special attention is paid to capital 
rationing, operations research concepts, cash flow, etc. ‘‘The outstanding 
text in this field.’—A. Sledge, Rutgers University. Instructor's Manual 
available. 4th Ed., 1960. 574 pp.; 98 ills., tables. $8.50 


PROCESS ENGINEERING CALCULATIONS 


Material and Energy Balances 
MACK TYNER, University of Florida 


This practical’ book helps the engineer develop facility in applying the 
laws of conservation of matter and of energy to the solution p/ phere ts 
chemical process problems. Includes material on nuclear fuels, an intro- 
duction to differential material and energy balances, a unified treatment 
of separation processes, etc. “Dr. Tyner has done a very nice job of intro- 
ducing some process chemistry into a material-energy balance textbook.” — 
E. J. Henley, Stephens Institute of Technology. Instructor's Manual 
available. 1960. 402 pp.; 169 ills., tables. $9.50 


MINE VENTILATION AND 
AIR CONDITIONING 


HOWARD L. HARTMAN, 
The Pennsylvania State University 


New! The only book on modern theory and practice in mine ventilation, 
this authoritative volume deals with the total control of mine atmospheric 
environment—quality, quantity, and temperature-humidity control. It 
covers both coal and metal mines, with applications to all types of mining; 
fully reflects such factors affecting design as physiology, psychometry, 
mining economics and law. Book is profusely referenced to the important 
technical literature, and illustrated with detailed drawings. /96/. 432 
pp., 174 ills. $12 


LINEAR STRUCTURAL ANALYSIS 
P. B. MORICE, University of Southampton 


A practical introduction to the application of the influence coefficient 
method to statically indeterminate structures. The first book of its kind 
in English, it closely relates the treatment of matrices with the material 
on skeletal frame structures, emphasizing the practical operations in which 
matrices can be used as a tool. Throughout, many examples illustrate 
the methods presented. “The consultant who is interested in structural 
analysis and realizes the practical ease with which these problems now can be 
soloed electronically will find this book a valuable reference.” —ConsuLtTING 
Encineer. 1959. 170 pp.; 95 ills., tables. $6 


THE RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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HYPERSONIC AERODYNAMICS 


ROBERT WESLEY TRUITT, 
Virginia Polytechnic Institute 


This pioneering book presents the principles of hypersonic aerodynamics 
and application to missile-design problems. theoretical 
and experimental findings from many sources, it uses an engineering 
approach to the problems of determining the aerodynamic characteristics 
of complete missile configurations, including certain aspects of stability 
and control. Book covers magneto-aerodynamics, with particular atten- 
tion to magneto-aerodynamic techniques of altering the characteristics of 
hypersonic missiles. “‘4 very well-organized account.”—App.ED Me- 
cHanics. 1959. 462 pp.; 160 ills., tables. $10 | 


FUNDAMENTALS OF 
AERODYNAMIC HEATING 
Also by ROBERT WESLEY TRUITT 


This new book presents the theoretical background necessary to a funda- 
mental understanding of laminar and turbulent boundary layers and their 
relation to skin friction and heat transfer in the design of high-speed, high- 
altitude missiles and aircraft. It deals with the basic concepts of the 
continuum, slip, and free-molecule flow regimes and demonstrates their 
application to typical aerodynamic heating problems. Among the ma- 
terial which has not previously appeared in book form are certain topics 
on shock-wave boundary-layer interaction, slip flow, free-molecule flow, 
stagnation-point heat transfer, etc. 1960. 257 pp.; 76 ills., tables. $10 


CIRCUIT ANALYSIS 
ELIAS M. SABBAGH, Purdue University 


New! This book presents a well-organized development of the theory of 
electrical circuits from the elementary notions of electric field. Material 
is logically organized within short chapters covering duality theory, sinu- 
soidal steady state, generalized S-plane, signal-flow diagram, derivation 
and application of Fourier series, impedance and admittance loci, etc. 
Book offers clear instructions in use of network graphs, simple matrix 
algebra, complex frequencies; includes a good selection of problems. /96/. 
446 pp., 480 ills. $8.75 


LINES, WAVES, AND ANTENNAS 


The Transmission of Electric Energy 


ROBERT GROVER BROWN, Iowa State University; 
ROBERT A. SHARPE, /owa State University; and 
WILLIAM LEWIS HUGHES, Oklahoma State University 


New! A carefully integrated introduction to the principles of electric 
energy propagation. Pulse transmission along lossless lines is treated first 
in order to establish clearly the basic ideas of propagation and reflection. 
Transmission-line phenomena are further developed from the circuit theory | 
viewpoint with the study of the sinusoidal case. Transmission-line analogy 
is used whenever possible in discussing electromagnetic wave theory. Jn- 
structor’s Manual available. 1961. 368 pp., 207 ills. $10 


THE RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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TRANSISTOR LOGIC CIRCUITS 


By Ricuarp B. Hurtey, IBM Corporation. Covers both logical mathe- 
matics, logical routines, and blocks and the transistor circuits that implement TEACE 
the circuits and blocks. /96/. 363 pages. $8.50. 
INDUSTRIAL FURNACES 
Volume I—Fifth Edition 

By W. Trinks, Consulting Engineer, formerly of the Carnegie Institute of THE ( 
Technology; and MarrHew MAwuinney, Consulting Engineer. 1961. Approx. OF | 
530 pages. Prob. $17.00. 


For 
QUANTUM MECHANICS 
By Evcen MEeErzpacuer, University of North Carolina. An up-to-date, FIFTEI 
sophisticated treatment of quantum mechanics and its applications to simple Enc 
physical systems. /96/. Approx. 580 pages. Prob. $9.25. 
ENGINEERING APPLICATIONS of RANDOM — 
FUNCTION THEORY and PROBABILITY . 
By Joun L. Bocpanorr, Purdue University. 1961. In press. ae 
IN 


WATER HAMMER in HYDRAULICS 
and WAVE SURGES in ELECTRICITY Mate. 
By the late Lovis BERGERON. The first English translation of a classic French 

text. /96/. Approx. 344 pages. Prob. $15.00. 


TEACH 
TEMPERATURE MEASUREMENT in ENGINEERING 
Volume II Wuat 
By H. Dean Baker, Columbia University; E. A. Ryper, United Aircraft 
Corporation; and N. H. Baker, Columbia University. 1961. Approx. 504 ASEE 
pages. Prob. $13.00. 
COoLLE 
SIMPLIFIED ENGINEERING for ARCHITECTS 
and BUILDERS 
Third Edition 
By Harry Parker, University of Pennsyloania. Revised to take into account 
new unit stresses and specification requirements. /96/. Approx. 360 pages. New [ 
Prob. $5.75. 
An Ex 
PRINCIPLES and PRACTICE of SURVEYING 
Volume Il: Higher Surveying—Eighth Edition 
By the late CHARLES B. BreEp and the late GeorGcE L. Hosmer; Revised with Tue N 
the assistance of A. J. Bone, M.I.T. A new edition of a text that has been a W 
classic for over 50 years. /96/. In press. OF 
Send for examination copies. AFTER- 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South, New York 16, N.Y. 
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Teaching Positions Wanted 


POSITION AS A PROFESSOR OF 
Civil Engineering Wanted. A former 
professor of Civil Engineering, who for 
the past four years has been a consultant 
engineer and research consultant, wants 
to go back to teaching again. (60 years 
old.) The research has involved the 
creep and shrinkage influence on pre- 
stressed lightweight concrete girders, long 
spans, 56-64 feet, and the influence of 
time on these factors. He wishes to con- 
tinue this research with private funds 
now supplied. Author of several text- 
books, books and articles. Over 300 
beams now erected in various structures 
are under investigation. Is financially in- 
depent, so salary is of minor importance. 
Write to 51-10, Journal of Engineering 


Iowa State University 
University of Houston 
University of Washington (Prof. Emeritus) 
University of Florida 
Worcester Polytechnic Institute 
Stevens Institute of Technology 
University of Massachusetts 
University of Arizona 
McGraw-Hill Book Company 
University of Illinois 

Purdue University 

Rensselaer Polytechnic Institute 
University of Cincinnati 
Washington State University 
Rensselaer Polytechnic Institute 
Rensselaer Polytechnic Institute 
University of Massachusetts 
Carnegie Institute of Technology 
University of Kentucky 

West Virginia University 
University of Illinois 


Education, University of Illinois, Urbana, 
Illinois. 


M.E.E. WORKING TOWARDS DOC- 


torate, with 8 years in industry, seeks | 


teaching post from June or September 
1961. Write 51-11, Journal of Engineer- 


ing Education, University of Illinois, | 


Urbana, Illinois. 


INDUSTRIAL ENGINEER-—BSME, 
MSIE, PE-6 years teaching experience- 


20 years industry including 15 years) 
Chief Industrial Engineer—Considering | 


return to teaching—Resume on request. 
Write 51-12, Journal of Engineering Edu 
cation, University of Illinois, Urbana,” 
Illinois. bs 
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Do You Know 


p That the Annual Mecting is at the 
University of Kentucky on June 26-30? 
You have received your copy of the pre- 
liminary program and preregistration and 
housing reservation card. Better send it 
in promptly if you want to get into the 
air conditioned dorm! 


p That a record attendance of 319 in- 
dustry and education representatives was 
set on Feb. 2-3 at the 13th College- 
Industry Conference of the Relations 
With Industry Division of the ASEE? 
Twelve nationally known speakers, in- 
cluding John J. Healy, President of 
AIChE, and Dr. Eric A. Walker, Presi- 
dent of ASEE, discussed the theme topic 
“Developing and Maintaining a Profes- 
sional Climate in Engineering.” Demon- 
strating a need for concerted effort in 
the community, the Conference held ses- 
sions at the headquarters of the Engi- 
neering Society of Cincinnati, on the 
campus of the University of Cincinnati, 
and with the Cincinnati Chapter of the 
Society for the Advancement of Manage- 
ment. A complete set of the papers pre- 
sented at the Conference is available 
through the College of Engineering, Uni- 
versity of Cincinnati, at a cost of $5 per 


copy. 


&> That the new ASEE-Leeds and 
Northrup Fellowship has been awarded 


_ to the University of Kansas? The insti- 
tution selects the recipient and the 


$3,000 award is divided between the 
recipient and the institution. If the re- 
cipient makes satisfactory progress to- 


_ ward the doctorate the Fellowship is re- 


newed for two additional years. 


& That “Books for Asian Students” 
needs scientific and technical engineering 
books and technical journals in runs of 


_ five years or more? University, college, 


BSME, 


and secondary books in good condition 
published after 1945 or works by stand- 


ard authors published before 1945 are 


wanted. The Asia Foundation, 550 
Kearny Street, San Francisco 8, Cali- 
fornia, will pay transportation costs from 
the donor to San Francisco and thence 
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following methods only: educational ma- 
terials rate parcel post in packages under 
70 pounds (reimbursement for which 
will be sent on receiving donor’s postal 
receipt); or if quantity is large by motor 
freight (truck) collect (not Railway Ex- 
press or moving van). Shipments should 
be in ordinary cardboard cartons, securely 
tied, to: “Books for Asian Students, 21 
Drumm Street, San Francisco 11, Cali- 
fornia.” All questions concerning cate- 
gories, criteria, shipping and so forth 
should be directed to the same address. 


Bw That a monkey could hit upon the 
Equation E = MC? in less time than it 
took Einstein to reach it? So states a 
news release from the University of 
Michigan. This is part of an observation 
of Robert Sommer of the Saskatchewan 
Hospital in Weyburn, Canada in an ar- 
ticle in the “Worm Runner’s Digest,” an 
informal journal of the University of 
Michigan’s Department of Psychology’s 
Planaria Research Group. The conclu- 
sion reached about the monkey is based 
on his punching four keys at random 
over a long period of time. The odds on 
the monkey hitting the equation on the 
first try is only 42+. In pointing out the 
value of good secretarial help to scien- 
tists, Mr. Sommer further states, “If a 
monkey can do this we should certainly 
expect more from our stenos, some of 
whom can type 70 words a minute. 
Think of the scientific laws that could be 
produced if four secretaries typed ran- 
dom letters at top speed.” Sommers also 
formulated the following “law” for the 
scientific output of any research labora- 
tory: 

Number of secretaries 
x Average Typing Speed 

Number of Scientists 


Productivity = 


He also states that the laboratory with 
one scientist and four secretaries is in a 
more favorable position than the labora- 
tory with four scientists and one secre- 


tary. 


Bw That you had better check your 
watch and yardstick? The length of the 


Jrl. Eng. Ed., V. 51, No. 9, May 1961 


| 
ae 
q 


696 JOURNAL OF ENGINEERING EDUCATION 


meter now is 1,650,763.73 wavelengths 
of the orange-red line of krypton 86 in- 
stead of the distance between two en- 
graved lines on the International Meter 
Bar. The length of the second of time 
is 1/31,556,925.9747 of the tropical year 
1900 instead of 1/86,400 part of the 


mean solar day. Adoptions were made — 


at the 11th General Conference on 
Weights and Measures which was held 
in Paris last October. 


pw That “Experimental Mechanics” is 
the name of a new monthly publication 
of the Society for Experimental Stress 
Analysis? A grant of $45,000 to extend 
over a period of three years has been 
awarded SESA by NSF. Previously the 
society limited its publications to two a 
year. The first issue came out on Jan- 
uary 1, 1961. SESA’s address is P.O. 
Box 168, Cambridge, Mass. 


®& That 53 colleges of engineering are 
among the 250 colleges and universities 
participating in the undergraduate re- 
search programs sponsored by NSF? 
The 39 institutions have a total of 53 
programs. About 13% of the total num- 
ber of undergraduates participating are 
in engineering; biology is the only area 
having a greater percentage, 26. Seven- 
teen of the 53 programs are in chemical 
engineering, 10 are in EE, 7 in ME 
and 6 in CE. The others are scattered 
in eight fields, including the general area 
of “engineering.” 


B& That “The Science Doctorates of 
1958 and 59—Their Numbers, Charac- 
teristics, and Employment” is a new pub- 
lication of the National Science Founda- 
tion? Through 1959 the number of doc- 
torates in engineering increased 50% 
(the ASEE-U. S. Office of Education 
data indicates 45%), whereas the per- 
centage increase in chemistry, physics, 
mathematics, and geology were 1, 24, 
73, and 81 respectively. The average 
increase for the physical sciences is 26 
as compared to increases of 42, 45, and 
122 for all sciences, life sciences, and be- 
havioral sciences, respectively. The mean 
age of the Ph.D. recipients in physical 
sciences is 30.6 years; 31.8% of the re- 
cipients are 27 years of age and under, 
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this percentage being more than twice 
as many as for the life and behavioral 
sciences. The mean time lapse between 
baccalaureate and doctorate degrees for 
the physical scientists is 7.5 years com. 
pared to 8.6 for life scientists and 94 
years for the behavioral scientists. It 
also is interesting to note that the per 
cent of doctorates in the physical and be. 
havioral sciences in general increases with 
the size of high school graduating class 
whereas the percentage for the life sci- 
ences decreases very significantly. Copies 
of the report are available from the Supt, 
of Documents, U. S. Govt. Printing Of. 
fice, Washington 25, D. C., for 25¢ each. 


Bb That four colleges of engineering 
have one or more curricula accredited 
by ECPD this year for the first time? 


Sincere congratulations are extended to | 


Brigham Young, Miami University, Fair- 
leigh-Dickinson, and Puerto Rico. This 
brings the number of schools with ac- 
credited curricula to 159, and the total 
number of accredited curricula to 849. 
The largest number of accredited cur 
ricula are in electrical engineering with 
143; then comes civil engineering with 
141, mechanical engineering with 137, 
and chemical engineering with 100. 
Eight institutions have only one curric- 
ulum accredited and three schools each 
have 14 accredited curricula. 


lowing statements from the Education & 


Accreditation Committee: “Engineering | 


Education today is dynamic. Increasing 
emphasis on science, greater depth in 


engineering analysis, new approaches to © 


synthesis and design, rapid growth in 
graduate study and in research, curricula 
in new technologies—all are evidence of 
the transition and evolution occurring in 
engineering education. Some current 


educational innovations are bold, imag-— 


inative, and experimental. Beyond this 
current position is a growing interest in 
the concept of “Professional Engineering 
Education,” in the sense of medical and 


legal education taught in a professional | 


school, following basic education in sci- 


ence, mathematics, the liberal arts, and | 


fundamental engineering science. Pres- 


sure for accreditation of graduate pro | 


Soon the} 


grams continues to mount. 


The 28th | 
Annual Report of ECPD contains the fol- 
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May, 1961 DO YOU KNOW 

present policy of accrediting “First De- 
grees” whether carrying the B.S. or M.S. 
designation in a specified curricula will 
be inadequate to meet the issues raised 
by schools, professional societies, and 
industrial sponsors of part-time graduate 
study programs.” To study this last 
problem ECPD has established an ad hoc 
study group of E. C. Easton, N. A. Hall, 
H. L. Hazen, and R. R. White. The 
Annual Report with its reports of com- 
mittees and constituent member societies, 
and lists of accredited curricula, is good 
reading. Copies are available from 
ECPD for $1.00 each. 


p» That the second International Heat 
Transfer Conference will be held at 
Boulder, Colorado, August 28 to Septem- 
ber 1, 1961? The conference is spon- 
sored by four engineering societies, two 
American and two British, with participa- 
tion by eight others from the U. S. and 
Canada. The University of Colorado is 
serving as the host institution. Registra- 
tion information and advanced programs 
may be obtained by writing to the 


39th Street, New York 18, New York. 


_) That there are two separate and 


distinct organizations known as the Fu- 
ture Engineers of America? Reference 
to the one headquartered in Chicago was 
made in the October issue of the Journal 
in the “Do You Know” column, page 5. 
The second is an energetic organization 
whose activities are centered in Southern 
California. The primary purpose of its 
program is to provide gifted young peo- 


_ ple interested in engineering the oppor- 


tunity to work in well equipped labora- 
tories under the supervision of highly 
qualified engineers and scientists from 
industry. The California FEA recently 
has completed a cooperative agreement 
with JETS under which it will act as a 
central distribution and _ coordinating 
agency for the dissemination of material 
supplied by JETS. The President of the 
California FEA is Mr. °G. E. Speen, 
P.O. Box 2664, Sepulveda, California. 


> That the first Scandinavian Research 


Guide has been published in English? 
_ It is a directory of research institutions 
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within technology and science, exclusive 
of life sciences, designed for persons en- 
gaged in the field of science and technol- 
ogy. Concise, detailed, and factual infor- 
mation on over 1500 research institutions 
in Denmark, Finland, Iceland, Norway, 
and Sweden are included. This ini- 
tial effort to provide a complete and reli- 
able picture of present day Scandinavian 
research is the effort of the Scandinavian 
Council for Applied Research (SCAR) 
and is designed to further the coopera- 
tion between institutions and persons en- 
gaged in scientific and technical research. 
The two volumes cost $10.00 and are of 
conventional book size, about 1200 
pages. Copies should be ordered from 
the Scandinavian Council for Applied 
Research, Gaustadalleen 30, Blindern, 
Norway. 


Bw That many of you will want to re- 
main in Lexington over Friday of the 
Annual Meeting to attend some of the 
meetings of the Agricultural Engineering 
Division? The highlight will be an ad- 
dress at 11:00 a.m. on Friday by the 
Honorable Orville L. Freeman, Secre- 
tary of Agriculture. The theme of their 
meeting is “Agricultural Engineering in 
World Agriculture.” Malcolm Jones, 
Head of the Water Resources and Equip- 
ment Branch of the International Co- 
operation Administration, will speak on 
“Attitudes, Culture, etc. on Engineering 
Education in Other Countries.” The hot 
topic of “Educational Needs of Foreign 
Students in the United States Classroom” 
will be discussed by Dean J. N. Efferson 
of the College of Agriculture of Louisiana 
State University. “Analysis of Engineer- 
ing Curricula Evaluations” will be the 
topic of an address by Dr. A. H. Willis, 
Dean of Engineering, University of New 
South Wales, Australia. Still another 
will be “Viewpoints of a Former Student 
From Abroad” by Dr. N. N. Mohsenin 
of Penn State University. This is a 
bangup program and should be of inter- 
est to many in addition to those who are 
Ag Engineers. Plan now to go to the 
UK and enjoy the blue grass country for 
a week starting June 26—and take your 
family! 
W. LeicHTON CoLLins 
Secretary 


: 
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The Question of Establishing a National Academy 
of Engineering 


HAROLD K. WORK 


Director, 

Engineering Foundation 

United Engineering Trustees, Inc. 
Associate Dean, College of Enginecring 
New York University 


The proper solution to the question of establishing a National Academy of Engineering 
is important to the nation, the engineering profession, and ASEE. This article is 
published to stimulate discussion and assist in gathering a consensus. 1 will appreciate 
the. opinions of members of ASEE. Send them to me at The Pennsylvania State 
University, University Park, Pennsylvania. The subject will be discussed at the 
meeting of institutional representatives of ECAC on Thursday morning of the Annual 
Meeting at the University of Kentucky, June 29, 1961. 
Eric A. WALKER 
President, ASEE 


Several months ago there was a brief Chairman of EJC) the following state} 


note in Science to the effect that J. Her- ment was made: 
bert Hollomon, General Manager of Gen- 
Washington, April 26—The National 


eral Engineering Laboratory of General 4 
Electric Company, recommended that a Academy of Sciences announced today the 


National Academy of Engineering be their distinguished and continued achieve: | 
tablished. After discussion with him a ments in original research. Their election 
request was made to the Research Pro- _ took place this morning at the 97th Anmul| 
cedures Committee and the Executive Meeting of the Academy at its headquarter 
Committee of the Engineering Founda- here. Election to membership in the Acad- 
tion for permission to study Dr. Hol- emy is considered to be one of the highes} 


lomon’s suggestion further. Permission 


was granted but there was strong under- 
lying feeling in the Executive Committee The National Academy of Sciences is 4} 
private organization of over 580 distin 


that Engineers Joint Council should be guished scientists, dedicated to the further 


ican Scientist. 


involved. This was mentioned to Dr. ance of science and to its use for the gen 
Kinzel and a meeting with Dr. Gaudin, eral welfare. The Academy was established) 
Chairman of the Foundation, and Dr. in 1863 under a Congressional Charter! 
Kinzel resulted. At this time steps were signed by President Lincoln. Empowerel” 
initiated to explore the matter further. to provide for all activities appropriate ty” 


The concept of establishing a National academies of science, it is also required by) 
: “ its Charter to act as an adviser to the Fet- : 


Academy of Engineering is not new; it 


has been suggested several times. In eral Government in scientific matters. This 


tended that engineering should play a is nota governmental agency.” 
larger part in the operation of the Aca- 


demy than it actually has. In a release The phrases in this news release ar) 


last April announcing the election of 35 particularly pertinent to this discussion: 


election of 35 new members on the basis of © 


honors which can be visited upon an Ame} 


provision accounts for the close ties thit) 
fact, when the National Academy of Sci- have always existed between the Academy” 


ence was founded it was probably in- and the Government, although the Academ)” 


new members (including Dr. Kinzel, 


1. The new members were selectel’ 


Presented before Engineers Joint on the basis of their distin guishet| 
Council, September 9, 1960. and continuing achievements i! 
original research. 
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2. The Academy is dedicated to the 
furtherance of science and its use 
for the general welfare. 

3. It acts as advisor to the Federal 
Government. 


There seems to be a discrepancy here. 
The membership is predominately com- 
posed of research scientists. A check of 
the records will show only a small per 
cent of engineers among the members, 
yet the use of science for the general 
welfare sounds more like engineering. 
It becomes increasingly obvious that the 
National Academy of Sciences is primar- 
ily oriented toward science even though 
its affiliate, the National Research Coun- 
cil, does have extensive engineering ac- 
tivities. The question can now be raised 
as to whether or not the formation of a 
National Academy of Engineering would 
assist the engineering profession in carry- 
ing out its obligations to society. 

In order to answer it would help to 
have some concept as to what the Acad- 
emy might be like. This includes objec- 
tives, organization, method of operation, 
ete. 

As objectives the following are pre- 
sented for consideration: 


1. Render a national service which is 
not being rendered now. 

2. Develop a clearer understanding of 
the attributes of an engineer. 

3. Raise the standards of the engineer- 
ing profession so that the profession 
may better serve mankind. 

4. Honor a substantial group of out- 
standing engineers. 


An obvious question can be immedi- 
ately raised; namely, could the National 
Academy of Sciences be alerted to take 
care of the needs of the engineering pro- 
fession? If so, that should be given 
serious consideration. If, on the other 
hand, a separate Academy is required, 
every effort should be made to see that 
such an Academy cooperates closely with 
the National Academy of Sciences so as 
to best serve the national interest. 

It is interesting to note that such a 
dual Academy arrangement exists in 
Sweden. There, the older Academy is 
involved in distributing the Nobel prizes 
in Physics and Chemistry and has a dis- 
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tinctly pure science flavor. The newer 
Academy is largely directed at engineer- 
ing, and its divisions reflect this, for they 
are almost all engineering in character. 

Should a decision be made that an 
Academy of Engineers is needed, a whole 
new series of decisions will then have to 
be made. 


1. How should the Academy be ini- 
tiated? 

2. Should it be autonomous and self- 
perpetuating or should it be allied 
to existing engineering organiza- 
tions? 

3. Is a Congressional Charter neces- 
sary and desirable? 

4. How large should the Academy be 
and should it be initiated at full 
strength or is a period of growth 
desirable? 

5. What should be the criteria for 
election to the Academy? 

6. How should the Academy be sub- 
divided? Should this be along con- 
ventional engineering groupings? 
Should some of the newer interdis- 
ciplinary groupings be used, such 
as power, materials, communica- 
tion? Should some other divisions, 
such as production, design, man- 
agement, research, and teaching, b> 
used? 

7. How should 
financed? 

8. The housing of the Academy pre- 

' sents problems. Should it be lo- 
cated in Washington or New York? 
If in Washington, should an at- 
tempt be made to find an imposing 
or modest home? Is such a home 
necessary immediately or can this 
wait until the Academy is well un- 
der way? 


the Academy be 


This gives a sample of the problems 
that face us in deciding whether or not 
to form a National Academy of Engi- 
neering and how to do it. 

Coming back to the question of 
whether or not an Academy should be 
established, this depends to some extent 
on how each individual regards the cur- 
rent status of the engineering profession. 
There seems to be a wide spectrum of 
opinion on this point. At the one ex- 
treme is the engineer who is completely 
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satisfied with everything about the pro- 
fession. At the other extreme we have 
those who view with alarm the future of 
the profession—who feel that if present 
trends continue the engineer will soon 
join the horse and buggy. In between 


these two extremes are many thoughtful . 


engineers who, while proud of the past 
record of the profession, are concerned 
as to whether or not the engineer has 
evolved sufficiently to meet his obliga- 
tions in the nuclear and space age. 

The reason for the wide spread in the 
thinking about the current status of en- 
gineering is, it is believed, in no small 
degree a matter of timing, or where the 
effect appears first. At the universities, 
for example, there is much concern over 
the trend away from engineering toward 
science. The same situation seems to 
be developing in medicine as was men- 
tioned in the New York Times a few 
weeks ago. The trend appears more 
deep-seated than the usual variations in 
popularity of one profession with respect 
to another. Concern over this trend has 
not, as yet, extended very far outside of 
the universities, but that is to be ex- 
pected since the effect is immediate in 
the universities and more remote for 
those outside. 

There must be a reason for the trend. 
It is suggested that one of the factors is 
the determined effort to advance the 
cause of pure science. Huge sums of 
money from the National Science Foun- 
dation and a concerted effort by the 
country as a whole to advance American 
basic science have resulted in a skill- 
ful and highly successful campaign. 

The question is now raised as to 
whether or not the over-correcting of 
the past deficiencies of American basic 
science has affected the applied sciences 
of engineering and medicine. Now I 
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am sure that there will be some that will 
challenge this point of view; who will 
contend that pure science is good and 
there can never be too much of it. This 
I do not agree with. 

Some years back, Dean Hollister 
pointed out at an Engineering Manpower 
Commission meeting why it was so diff. 
cult to increase the supply of engineers, 
He showed that the number of people in 
the total population with the intellect to 
be professional people, lawyers, doctors, 
engineers, and’ the like, is small. Any 
attempt to increase one group will gen- 
erally be accomplished at the expense of 
the others. It is my impression that this 
balance has been disturbed. 


We must then face the question as to | 


whether this is bad or good. Without 
going into detail it is my contention that 
we need the surgeon, the engineer and 
other applied scientists who have been 


trained to attack specific projects against | 


deadlines within economic limits. This 
in no way detracts from the pure scientist 
who shuns specific objectives, deadlines, 
and cost in order to achieve his objec- 
tives. 
portion. 

If the premise is agreed to that the 
engineering profession and the good of 


mankind can be harmed if things are out | 
of balance, then steps should be taken — 
The formation © 
of a National Academy of Engineering © 


to correct the situation. 


might contribute to this, but it must be 


recognized that this is merely one step | 


of several that are required to solve the 
problems facing the profession. 

The study that Engineers Joint Coun- 
cil is proposing to determine the desir- 
ability of establishing a National Acad- 


emy of Engineering is particularly ap-— 


propriate at this time. 


LACEY DEAN AT CALTECH 


The appointment of Dr. William N. Lacey as Dean of the Faculty at the California © 


Institute of Technology has been announced by President L. A. DuBridge. 


Dr. Lacey, who assumed his new duties February 1, is a distinguished chemical E 
He served as Dean of Graduate Studies at Caltech from 1946 to 1956 and _ 
In his new post he succeeds Dr. | 


engineer. 


has been a member of the faculty for 45 years. 
George W. Beadle, who recently accepted the Chancellorship of the University of | 
Dr. Lacey has been a member of ASEE since 1957. 
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For the Whole Family 
The ASEE Annual Meeting at Kentucky 


A busy and interesting week is in store 
for women and children attending the 
annual ASEE meeting at the University 
of Kentucky June 25-30. 

Committees have been working for 
months planning events and _ activities 
designed to insure an “unforgettable” 
week for families of ASEE members. 
The preliminary convention program car- 
ries a detailed account of these activities. 
Here are a few of the highlights: 


For Women 

Women’s headquarters will be in air- 
conditioned Haggin Hall where there 
will be an information desk, bridge ta- 
bles, writing tables and supplies, bulletin 
boards, lists of baby sitters, etc. Morn- 
ing coffee will be served here each day 
from 9 a.m. to 10:30 a.m. 

First day activities for women will in- 
clude a leisurely walking tour of the 
University campus and its many interest- 
ing places, including the Carnegie Mu- 
seum of Anthropology, atomic fallout 
shelter in the President’s home and the 
Rees Doll Collection at the Home Eco- 
nomics Building. A special luncheon 
will be held for young engineering teach- 
ers’ wives and a welcoming tea is sched- 


uled for the first afternoon at the home 


of Dean and Mrs. R. E. Shaver. An 
8 p.m. “mixer” at the Student Union Ball- 
room will climax the first day’s activities. 

Scheduled the remainder of the week 
in a manner so that women may take 
advantage of all our tours of famous 
horse farms in the Lexington area, tours 
of many famous homes, including Spin- 
dletop Mansion owned by the University; 
luncheons, style show, evening steak fry, 


salifornia _ trip to Berea College and luncheon at 


Boone Tavern; trip to Harrodsburg and 
Danville with ample time to browse in 
museums and antique shops; modern art 
exhibition and lecture; and, with their 
husbands, the annual banquet on Thurs- 
day evening. 


For Teenagers 


For teenagers, there is also a week of 
activities. Included are a get-acquainted 
party, swimming party at Lansdowne 
Country Club, sock hops with profes- 
sional disc jockeys and master of cere- 
monies, tour of horse farms, all-day trip 
to Natural Bridge State Park, tour of 
Spindletop Mansion, party, swimming, 
games, lunch, dinner and dance at Carna- 
han House and other campus activities. 
The Memorial Coliseum swimming pool 
will be open each afternoon and there 
will be games, records and dancing avail- 
able at all times in Bowman Hall, Teen 
Headquarters for the ASEE meeting. 


For the Children 


Headquarters for grade school children 
will be at Taylor Education Building 
gymnasium where each day there will be 
sports, games and crafts, lunches, square 
and folk dancing, etc. The youngsters 
during the week will see a magic show, 
take a trip to the Bird and Animal Forest, 
tour the UK zoology and anthropology 
museums, and see the UK dairy and 
dairy farm. 

A professionally staffed nursery school 
and kindergarten will be available for 
smaller children in the Taylor Education 
Building from 9 a.m. to 4:30 p.m. each 
day. 

Registration fees for all ages, except 
those 3-6, are $1 for each person. Prices 
for the various trips, tours and meals 
vary and are levied only to defray actual 
costs of the events. 


For the Men 


Besides the usual whirl of Annual 
Meeting events, the men will find some 
interesting places to go and things to see, 
too. One of these is the Kentucky Re- 
search Foundation. 

The Kentucky Research Foundation 
during its 15 years of existence and 
steady growth has enabled the University 
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of Kentucky to more fully meet its obliga- 
tions of service to the people of the state. 

A corporation, the Foundation acts as 
agent of the University in solicitation 
and administration of funds for a variety 
of purposes: research, public service, 


scholarships and fellowships, publications, . 


endowment of professorships, provision 
of new buildings and equipment, and 
any other purposes consistent with the 
University’s governing regulations and 
policies. 

The Foundation began in 1945 with 
general fund assets of only $1,929, just 
two endowments, and no contracts, grants 
or special projects. Since that time, KRF 
has managed 176 separate projects in- 
volving total appropriations of $3,242,- 
830. Its general fund assets on June 30, 
1960, were $1,756,367, an increase of 
more than $500,000 over the previous 
year. There have been 1,012 scholar- 


ship and fellowship awards administered 
through the Foundation with the aver- 
age monthly payroll having grown to 
more than $21,000. The latter repre- 
sented a 30 per cent increase over the 
previous year. 

During the 1959-60 academic year, 


ciation also holds its annual programs here. 


HOUSE THAT RUPP BUILT—Memorial Coliseum is home of world-famous Kentucky 
Wildcats basketball team and head coach Adolph Rupp. Central Kentucky Concert Asso- ~ 
The Coliseum’s swimming pool will be open — 
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there were 85 University of Kentucky 
graduate students doing important re. 
search work and receiving financial as. 
sistance through the Foundation. 

Five graduate fellowships ranging from 
stipends of $2,400 annually to $1,500 
annually were provided during 1959-60, 
During the same period, the Foundation 
administered 94 different projects dis. 
tributed among 35 departments and col. 
leges of the University. 

‘Besides its management of earmarked 
funds, the KRF also manages a number 
of restricted and endowment funds in 
support of scholarships, fellowships, lec- 
tures, and other educational activities at 
the University. During 1960, these 
amounted to 66 restricted funds and 10 
endowment funds, from which were as- 
signed 166 scholarships and fellowships. 

Five patents have been granted the 
KRF during its lifetime. Many other in- 


ventions arising from research conducted | 


in University laboratories have been con- 


sidered for patenting by the Foundation. | 


A sample of the internal service ren- 
dered is the 138 research proposals pre- 
pared in 34 departments with help of 
KRF during 1960. 


every afternoon during the Annual Meeting for use by ASEE families. 
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May, 1961 ASEE ANNUAL MEETING 

Annual research conferences involv- 
ing out-of-town and local personnel are 
held on the campus under KRF sponsor- 
ship. 

Another significant part of KRF work 
is administration of many facets of ICA 
foreign contracts which the University 
has with Indonesia and Guatemala. The 
executive director of the Foundation, Dr. 
Merl Baker, serves as coordinator for the 
programs. Total expenditures for the pro- 
grams through June, 1960, were $2,831,- 
689. UK has 32 persons assigned to the 
programs. 

KRF played a significant role in rec- 
ommending the establishment of the Ken- 
tucky Spindletop Research Center and 
the Institute which will be a part of a 


wt 


KENTUCKY LIFE MUSEUM—Waveland houses Kentucky Life Museum where is pre- 
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425-acre research complex on Spindle- 
top Farm near Lexington. The Founda- 
tion will continue to help with its devel- 
opment in seeking funds from industries, 
agencies of the Federal Government, so- 
cieties, associations and other founda- 
tions. 

During the last fiscal year, 36 publica- 
tions resulted entirely or in part from 
work on contracts held by the Founda- 
tion. 

Membership of the Foundation in- 
cludes all members of the Board of Trus- 
tees of the University of Kentucky and 
all members of the Board of Directors 
of the Foundation itself. It may include 
in addition a maximum of 30 persons, 
elected to membership by the Board of 


served much of the state’s history. Slave quarters behind building will be made into 


reconstructed early Kentucky village, 


| | 

a 
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Directors. These 30 or such lesser num- 
ber as may be named are classified as 
national councilors, alumni members, in- 
dustrial councilors and research members. 

Officers are Dr. Leo M. Chamberlain, 
president; Dr. Ernest N. Fergus, vice 
president; Dr. Merl Baker, executive di- 
rector and secretary; and Dr. Frank D. 
Peterson, treasurer. 


For the Whole Family 


Texas oil fields made possible the mil- 
lion-dollar setting for a portion of the 
activities scheduled for the annual ASEE 
meeting in June at the University of 
Kentucky. 

Perhaps no university in the south has 
available a more luxurious piece of prop- 
erty than Spindletop—a 40-room mansion 
surrounded by more than 1,000 acres of 
famed Blue Grass land. 

ASEE visitors will have an opportunity 
to see and tour the architecturally beau- 
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tiful and once lavishly appointed home 
of Texas oil millionaire Miles Frank 
Yount. The farm was named for Mr. 
Yount’s Spindletop oil field. 

The University in 1959 was able to 
acquire from Mrs. Pansy Yount Grant, 
the millionaire’s widow, Spindletop (Man- 
sion and 1,066 acres of land) for the 
“gift” purchase price of $850,000. Shortly 
before the purchase the property had 
been appraised at twice that amount. 
The mansion itself, completed in 1935, 
cost $1,000,000 to build. Part of the 
farm-425 acres—will be used as a site 
for the Kentucky Spindletop Research 
Center, now under development. The 
mansion is 238 by 60 feet and has three 
stories and a basement that includes a 
ballroom, barber shop, kitchen, butler’s 
pantry and game room. First floor space 
now used by the University for confer- 
ences includes a library, drawing room, 
music room and dining room. 


Famous Spindletop Mansion, which cost a million dollars to build in 1935, is now owned 
by the University of Kentucky and utilized for special meetings and conferences. ASEE 
visitors to Lexington in June will be able to see the 40-room house and 1,066-acre horse 
farm where it is situated. 
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The mansion exudes richness from 
every room. Some points of interest 
include: 

Two sets of bronze doors costing $14,- 
000; a $55,000 electric organ that can 
be remotely operated from six stations in 
the house; several rare rugs (Mrs. Yount 
presented the University with a 16th 
century tapestry valued at $100,000); 
a basement “saddle lounge” decorated 
in the red and blue colors of the former 
Spindletop racing stable; a 30 by 60 foot 
Elizabethan living room; a ballroom un- 
der a ceiling of midnight blue sprinkled 
with stars; Kentucky tap room authen- 
tically appointed; ladies powder room 
with Oriental motif and another in 
French; linen room containing 32 draw- 
ers and 23 closets; and a dog room 22 
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by 30 feet, tiled, with bathing facilities 
and wooden fire-plugs. 

Outside are a carriage house contain- 
ing 30 or more horse drawn vehicles; a 
six-car garage complete with grease rack 
and chauffeur’s tack room, plus two and 
three-room servants’ suites; two lakes, a 
40 by 70-foot swimming pool; tennis 
court, and “pleasure horse” barn. 

Around it all—seven miles of chain 
link fence eight feet nigh estimated to 
cost $137,000 during depression years 
when all builders got a lot for their 
money. 

ASEE visitors will get a lot for their 
money as they sip tea and stroll through 
this fabulous part of the University of 
Kentucky. 


DESIGN CONFERENCE AT THE ANNUAL MEETING 


At the Annual Meeting next June, ASEE’s Graduate Studies Division will hold 


an open conference on the subject of Design in Engineering Education. 


At this 


informal conference, representation from the institutions with Ford Foundation- 
sponsored studies relating to design will be available to answer questions and to 


stimulate discussion. 
are welcome to attend and participate. 


There will be no prepared program, and all those interested 


Opportunity will be provided in this open-house discussion for a maximum of 
informal exchange of views by individuals who are interested in the development of 


design objectives in the changing pattern of engineering education. 


What is design? 


What are the needs for design emphasis? How can it be taught and at what levels? 


What degrees are appropriate recognition for design emphasis? 
Financing design projects. 


research theses. 


Design project vs. 


Individual vs. group efforts. These 


questions and topics together with others pertinent to the subject of design will be 


open for discussion. 


The generation of ideas on design through a maximum of expres- 


sion of viewpoints forms the basic objective of this informal discussion session which 


will be centered around audience participation. 


for Wednesday afternoon, June 28. 


The discussion period is scheduled 


| 

: 

4 
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Fifteen Years’ Experience with a Five-Year 
Engineering Curriculum 


MARION L. SMITH 


Associate Dean, 
College of Engineering, 
The Ohio State University 


This title was chosen to stress the fact 
that the 5-year curriculum is no longer 
new. A 5-year engineering curriculum 
was adopted at Ohio State University in 
1945 and became effective that autumn 
for new freshman students. In the next 
few years, students returning from mili- 
tary service with prior college credit in 
engineering had the choice of continuing 
on the 4-year curriculum or of electing 
the 5-year curriculum. Some chose the 
5-year curriculum. Accordingly, Ohio 
State has had graduates from this pro- 
gram for somewhat more than 10 years; 
and the engineering faculty has had 15 
years’ experience in working with a 5- 
year curriculum. 

Several other schools in the country 
adopted a 5-year curriculum more than 
a decade ago, including the University 
of Minnesota, Cornell, Rice, and the Uni- 
versity of Louisville. Many schools have 
had 3-2 arrangements with liberal arts 
colleges for years. 

This discussion is intended to provide 
some comparisons of the 5-year curricula 
with some 4-year curricula, drawing pri- 
marily from the experiences at The Ohio 
State University. 

In the present era when critical analy- 
ses and reshaping of engineering cur- 
ricula are in vogue, it is interesting to 
note a continuing interest in the 5-year 
curriculum. Comments, published in 
Civil Engineering within the past year, 
concerning studies of engineering educa- 
tion promoted by the ASCE Task Com- 
mittee on Professional Education indicate 


Presented at the Michigan Section 
Annual Meeting of the American 
Society for Engineering Education, 
April 23, 1960. 
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a considerable interest in 5-year engi- | 


neering curricula. 


Enrollment Trends 

As soon as the words “5-year cur- 
riculum” are mentioned, many faculty 
and administrators are rightly concerned 


about one vital factor—how does it affect | 


enrollment? Figures 1, 2, and 3 show 
enrollment trends in engineering over 
the past 10 years based on data pub- 
lished in the Yearbook issue of the Jour- 
NAL OF ENGINEERING EDUCATION. The 
first figure compares total engineering 
enrollment at Ohio State and at the Uni- 
versity of Minnesota, two schools with 
5-year engineering curricula, with total 
enrollment in the engineering colleges at 
the other Big Ten schools having 4-year 
curricula, and with the total engineering 
enrollment in the 
ECPD-accredited schools. 


State and at Minnesota have been almost 
identical with those in the other Big Ten 
schools and in the nation. Comparisons 
with the other schools having 5-year cur- 
ricula are not made since it seems to 
have been their policy to limit enroll- 


ment to an approximately constant level; — 
hence they do not follow the national — 


enrollment trends. 

The next figure presents the same 
comparison except that it is based on 
the number of bachelor’s degrees granted 
in the past 10 years. Again Ohio State 


and Minnesota follow both the national © 
trend and the trend in the other Big Ten — 
In fact, except for a phase lag © 


schools. 


of 1 year, the curve indicating the num- 
ber of graduates at Ohio State has fol- | 
lowed almost exactly the curve for first 
degrees awarded in the nation and by 
other Big Ten schools. 
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Fic. 1, Total undergraduate engineering enrollment by year. 
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Fic. 2. Number of Bachelor's degrees awarded by year. 
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Figure 3 presents a comparison of en- 
gineering freshman enrollment. Here 
again, the trends for the 5-year schools 
have been approximately the same as 
those for the 4-year Big Ten schools and 
for the nation as a whole. Some addi- 


tional factors have influenced the shape . 


of the freshman enrollment curve at 
Ohio State in recent years. Starting 
about 3 years ago, the College of Engi- 
neering began to enforce the entrance 
requirements rigorously. Students who 
did not meet the entrance requirements 
in physics and mathematics could not 
enroll in the College of Engineering with 
deficiencies. Many enrolled in the Col- 
lege of Arts and Sciences until they 
completed their entrance requirements 
for engineering. Also, Ohio State started 
3 branch campus operations in the past 
3 years, which had larger freshman en- 
gineering enrollments 2 years ago than in 
1959-60. Actually, the number of regu- 
lar, full-time, beginning autumn-quarter 
freshmen in engineering at Ohio State 
has remained nearly constant for the past 
2 years; the number decreased 1% in 
1958-59 from the previous year and less 
than 1% in autumn 1959 from last year, 
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which is less of a decrease than that for 
the nation as a whole. The Big Ten 
schools having 4-year curricula have ey- 
perienced a considerable increase in 
freshman enrollment this past year. This 
increase results principally from large 
enrollment increases in 2 schools. 


Evaluating Demand for Graduates 


Anyone attempting to evaluate cur- 
ricula soon realizes that we have no good 
quantitative measure of the quality of 
our end product—the engineering grad- 
uate. Certainly, teachers would be quick 
to agree that annual income is not a true 
and valid measure of a man’s contribv- 
tion to society. And, it seems, neither 
are the numbers of publications or pat- 
ents produced, value of estate accumv- 
lated, number of important industry or 
government positions held, or civic or- 
ganizations served—as important as these 
criteria may be. Hence, we find it most 
difficult, if not impossible, to evaluate 
accurately a curriculum on the basis of 
the performance of its graduates within 
10 years following commencement. The 
Ohio State University has had many 
graduates of the past 11 years who 
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Fic. 3. Freshman enrollment in engineering by year. 
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TABLE 1 


COMPARISON OF STARTING SALARIES FOR GRADUATES FROM 4- AND 5-YEAR SCHOOLS 
(Starting Salaries—$ per Month—Engineers with Bachelor’s Degrees) 


National Ave. Other 5 Yr.* Ave. 4 Yr. Schoolst 
yr. SV. 
Endicott MCPA F. Mut. Range Range Ave 
57 499 454 436 489-493 460-481 409 
58 525 468 469 476 502-508 465-490 479 
59 526 480 490 486 525-530 500-516 509 
60 550 506 545-549 520-535 527 


* Cornell, Minnesota. 


{ Carnegie, Case, Illinois, Michigan, Michigan State, Pittsburgh, Purdue. 


rapidly have become eminently success- 
ful in their fields. But this is also true 
for many schools, and I fear it would be 
misleading to try to compare curricula 
on this basis. 

Some interesting information which 
can be presented, for what value it may 


have, is a comparison of the starting 


salaries for bachelor’s degree graduates 
fom 4-year and from 5-year schools. 
Table 1 presents such a comparison for 
10 schools. These data were obtained 
directly from college placement directors 
at the schools represented and from 3 na- 
tionally recognized salary surveys. The 
1960 data are on a predicted basis, but 
by April the averages are reasonably well 
established. Figures are presented for 
Ohio State University and for 2 other 
universities having 5-year engineering 
curricula—Cornell and the University of 
Minnesota. The seven 4-year schools 
selected for comparison are in the same 
geographic area as the 5-year schools. 
The only reason more schools were not 
included in this comparison was that it 
seemed desirable to limit the schools to 
a given geographical area where indus- 
trial salary ranges might be somewhat 
comparable. 

The data for national averages were 
obtained from the Endicott Salary Sur- 
vey, the Midwest College Placement As- 
sociation Annual Survey, and the Factory 
Mutual Engineering Division Survey. It 
is evident that industry recognizes the 
graduates of the 5-year curricula by pay- 
ing them approximately $25 to $50 per 
month more than the graduates of 4-year 
Although I know of no stud- 


ies by industry to evaluate the relative 
performances of the graduates of 4-year 
and 5-year curricula, it would seem that 
these data on starting salaries are some 
indication of the regard which American 
industry holds for the graduates of a 
5-year curriculum. 

Two questionnaires were mailed in re- 
cent years to Ohio State graduates of 
the 5-year curriculum in an attempt to 
learn their opinions regarding the cur- 
riculum. Each one was sent to a sig- 
nificant number of graduates selected at 
random. In answer to the question, 
“Should the 5-year program at Ohio 
State be continued?”, 80% answered 
yes and 17% answered no in the first 
questionnaire, and 81% yes with 16% 
no in the second. The replies to the 
question, “Would you recommend that 
your son go to an engineering college 
with a 5-year program?”, yielded 76% 
yes, 20% no; and 78% yes, 18% no 
answers. ; 


Present Curriculum at Ohio State 


Our engineering curriculum, like all 
others in the past 15 years, has under- 
gone evolution. Rather than discuss his- 
tory, suppose we look at some features 
of the present curriculum at Ohio State, 
including changes which were approved 
by the faculty and Board of Trustees in 
1959. Our objectives are the same as 
those of most schools. I shall try not to 
bore you with a great many platitudes 
on this subject. Briefly, our objectives 
are to educate an engineer with the 
breadth of training and depth of under- 
standing that will prepare him: 


i 
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1. To think and communicate logically 
and effectively; 

2. To serve creatively in positions of 
technical and administrative lead- 
ership through a 40- to 50-year 
career; 


3. To have the courage, versatility, . 


and intellectual curiosity to attack 
new and challenging problems with 
confidence—not only keeping up 
with new fields of technology, but 
guiding the directions they take; 

4. To assume his responsibilities in 
society as an informed and con- 
cerned citizen and professional per- 
son. 


Within the tolerances of academic 
debate, nearly all educators now agree 
on these objectives, or some minor modi- 
fication thereof, although they are fre- 
quently stated more eloquently. It is 
significant to note that these are essen- 
tially the objectives held by individuals 
and schools who might be considered as 
behind the times, to be polite, in com- 
parison with present trends in engineer- 
ing education, as well as those who are 
considered to be ultra-progressive. It is 
not in the objectives then, but it is in 
the means to achieve these objectives 
that differences of opinion exist. 

Table 2 shows in summary the cur- 
ricular changes instituted at Ohio State 
this year. Stating them rather briefly, 
Ohio State now has a 2-year pre-engi- 
neering curriculum which is essentially 
common for all students. This curric- 
ulum is designed so that students may 
complete it as students enrolled in the 
Pre-Engineering Division of our College 
of Engineering or in accredited liberal 
arts colleges, either at Ohio State or at 
other colleges, branch campuses or junior 
colleges, and at other schools having a 
comparable pre-engineering curriculum. 
Upon completion of the pre-engineering 
curriculum, students will apply for ad- 
mission to the Professional Division of 
the College of Engineering, which is 
now designated as a Professional College 
at Ohio State—as are the traditional pro- 
fessional colleges of dentistry, law, medi- 
cine, pharmacy and veterinary medicine. 

Along with these organizational 
changes, the entire curriculum was 


JOURNAL OF ENGINEERING EDUCATION 


Vol. 51—No. 9 


strengthened academically by requiring 
more mathematics for all students, by 
defining more precisely the courses 
which meet the social-humanistic 
quirements—known as “basic education 
requirements” at Ohio State—and by in- 
creasing somewhat the course require. 
ments in the basic sciences, either chem. 
istry for the chemistry-based areas, or 
nuclear and solid state physics for the 
physics-based areas. Each branch of en- 
gineering increased both the breadth and 
depth of course content in the engineer. 
ing sciences and eliminated a number of 
courses of the so-called “state of the art” 
variety. The approach for teaching en- 
gineering analysis and design of engi- 
neering systems was improved in each 
department and courses were initiated 
which would permit evaluation of engi- 
neering systems of current interest utiliz- 
ing the preparation in engineering sci- 
ences and basic sciences. 

Table 3 presents the course require- 
ments in the pre-engineering curriculum. 
The 93 quarter hours of academic credit 
include courses in mathematics, chem- 
istry, physics, English, engineering draw- 
ing and engineering mechanics. The 
basic mathematics requirements start 
with calculus and analytic geometry, and 
include differential equations and statis- | 
tics for students in all departments. Most 


students schedule 15 quarter hours of | 
“basic education” work in the second | 
year and complete the remainder of the | 


requirements in this area during the 
third, fourth, and fifth years. The only 
deviation from a completely common 
program during the first 2 years is a re- 


TABLE 2 


CURRICULAR CHANGES IN ENGINEERING 
In 1959 at O.S.U. 


. Essentially Common Pre-Engr. Curr. 
. Better Defined “Basic Educ.” Courses 
. More Mathematics 


. More Basic Science 


. Fewer “State of the Art’? Courses 


. Substantial Engr. Analysis, Design, Systems 
Courses, Reconstituted for Greater Effec- 
tiveness 
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TABLE 3 


PRE-ENGINEERING CURRICULUM AT 
Onto STATE UNIVERSITY 


28 Math— 
20 Calc. and Analyt. Geom. 
5 Diff. Eq. 
3 Statistics Chem.* 
Based 

9 English Curr. 
12 Chemistry, incl. organic and qual.* _—_(18) 
15 Physics 
15 Social—Humanistic* (9) 


9 Engr. Drg., incl. Descrip. Geom. 
5 Engr. Mech.—Statics 


93 qtr. hrs. total 


quirement of 6 quarter hours of quanti- 
tative analysis for students who expect 
to enter the chemistry-based curricula. 
These students schedule only 9 hours in 
the basic education area and complete 
the rest of the requirement while en- 
rolled in the Professional Division. 

All colleges of The Ohio State Uni- 
versity this past year instituted new gen- 
eral requirements in the social sciences, 
humanities and natural sciences which 
are termed the “basic education require- 
ments” in the University. In engineer- 
ing, these requirements include 5 hours 
of biological sciences and 35 hours of 
course work in the social sciences and 
humanities. Each student elects courses 
from an approved list of courses which 
are considered to meet the spirit of these 
objectives. 

As shown in Table 4, a minimum of 
15 quarter hours of credit is required in 
both the social sciences and the human- 
ities areas. All students must earn at 
least 5 hours of credit in history and a 
minimum of 5 hours in political science, 
sociology, geography, or psychology, and 
complete a sequence of two or more 
courses in the social sciences area. In 
the humanities area, all students must 
earn at least 8 hours of credit in litera- 
ture and 5 hours in fine arts, music, 
Philosophy or drama. It should be 
noted that credit in English, technical 
writing, or speech is not counted toward 
meeting the requirements in basic edu- 
cation. Neither are such courses as 
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TABLE 4 


STATE’s “BAsic EDUCATION 
REQUIREMENTS” IN ENGINEERING 


5 Biological Science 


(15 Social Science (include sequence) 
5 History 
5 Economics, Geography, Political 
Science, Psychology, Sociology 
35 ¢ 
15 Humanities 
8 Literature 
5 Music, Drama, 
L losophy 


Fine Arts, Phi- 


40 qtr. hrs. minimum 


business organization, accounting and 
business law. While these courses are re- 
quired in the curricula of some branches, 
and are electives in all branches, they 
are taken in addition to the 40 hours de- 
fined as “basic education requirements.” 

Table 5 indicates the advantages 
which the engineering faculty at Ohio 
State believe can be achieved as a result 
of these latest curricular changes. The 
engineering curriculum is recognized as 
a professional curriculum at Ohio State, 
along with the traditional professional 
colleges, reflecting the growing aware- 
ness of professionalism for engineers. 
Students will have nearly two years in 
which to decide on their major branch 
of engineering. By the nature of the 
pre-engineering program, arrangements 
for transfer from other colleges to the 
Professional Division in engineering will 
be more flexible, thus making transfer 
easier for the student with little or no 
time lost in partial duplication of pre- 
vious course work. It will also make it 
possible for students wishing to attend a 
school near their home to do so. Stu- 


TABLE 5 


ADVANTAGES WHICH SHOULD BE ATTAINABLE 
WITH THE NEW PROFESSIONAL PROGRAM 


1. Gives Engineering Professional Status 
2. Allows Student Two Years to Choose Major 


3. Facilitates Transfers from L.A. Colleges, 
Branch Campuses, Junior Colleges, etc. 


4. Affords Better Screening for Adm. to 3rd Yr. 


5. Provides Natural Terminal Point for Some 
Students 


| 
| 
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dents must maintain a “C” average, or 
higher, in their pre-engineering courses 
to be eligible for admission to the Pro- 
fessional Division in Engineering. Be- 
cause of the greater selectivity of stu- 
dents who will be permitted to enroll in 


the Professional Division program, most. 


students who are admitted should be 
able to graduate, which should result in 
more effective use of time for both fac- 
ulty and students, as well as of univer- 
sity facilities. Those students who show 
questionable interest or academic ability 
in engineering may terminate their engi- 
neering studies at the end of the pre- 
engineering program with some pride of 
accomplishment. 


Combined Bachelor’s and Master's 
Program 


One important feature of the 5-year 
curriculum at The Ohio State University 
is the Combined Bachelor’s and Master’s 
Degree Program for those outstanding 
students who rank in the upper 10-15% 
of their class. Under this program, stu- 
dents who maintain a “B” average, or 
higher, may petition for concurrent reg- 
istration in the graduate school during 
their last year and are eligible to receive 
the degree Master of Science, as well as 
the Bachelor’s degree, at the end of the 
5-year program. Most eligible students 
need about 1 additional quarter to com- 
plete the requirements for both degrees. 
This is an educational program which 
permits the superior student to follow a 
research-oriented curriculum with addi- 
tional emphasis on mathematics, basic 
science, and engineering science. This 
curriculum might be termed an engineer- 
ing science program, and is comparable 
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to the work taken by students in most 
4-year engineering science curricula fol. 
lowed by work for the Master of Science 
degree. It is a graduate-level program 
in every respect, since the students in 
the last year are registered only in grad. 
uate courses and are in association with 
other graduate students. In most de. 
partments, the student who anticipates 
admission to this program makes some 
adjustments in his fourth-year schedule 
so that he will be prepared to register in 
graduate courses only during his fifth 
year. In essence, this is an honors pro- 


gram which recognizes the greater leam.- | 


ing capacity of the outstanding student 
and not only permits him to embark on 
a more challenging program but rewards 
him in a manner commensurate with his 
ability. As such, we believe it is one of 
the best “honors” or “merit” programs 
yet devised. 


Comparison of 5-Year and 4-Year 
Curricula 


To give some measure of comparison 
between the new curriculum at Ohio 
State and the present curricula of both 
5-year and 4-year schools, Tables 6, 7, 8, 
and 9 are presented. These tables list 
the number of quarter hours of credit 


required in the areas of mathematics,” 
basic science, engineering science, engi- 
neering analysis, design and engineering | 
systems, non-technical electives, English, 


engineering drawing, and electives. It 
will be recognized that these categories 


are consistent with those listed in the” 
“Report on the Evaluation of Engineer | 
Recognizing the 
possible inaccuracies of trying to evalu | 
ate a course from its title, or even from 


ing Education, 1955.” 


TABLE 6 


CoMPARISON OF 5-YEAR AND 4-YEAR CURRICULA IN MECHANICAL ENGINEERING 
Equivalent quarter hours of credit 


Engr. 
Systems 
O.S.U. 28 32 60 58 42 9 9 12 
Ave. 4 Yr. pS) 30.5 50.7 39.7 28.9 8.2 6.6 15.6 
Range, 4 Yr. 18-33 23-39 36-68 23-57 18-40 0-13 0-12 5-30 
Ave. 5 Yr. 7a | 36.2 68.2 Si.7 40.6 10.5 9 
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TABLE 7 


COMPARISON OF 5-YEAR AND 4-YEAR CURRICULA IN ELECTRICAL ENGINEERING 
Equivalent quarter hours of credit 


Engr 
Math | lence | science | Design, | Tech, | Eng | preg | Elect. 
Systems | 
0.S.U. 34 $3 63 47 40 9 9 22 
Ave. 4 Yr. 27.4 31.8 44.4 38.5 28.7 7.8 KS 212 
Range, 4 Yr. 20-42 22-45 23-58 17-52 18-40 0-12 0-9 9-45 
Ave. 5 Yr. 28 36.5 57 61.7 39.3 11.6 8.2 18.8 
| 


its catalog description, the curricula in 
mechanical engineering, electrical engi- 
neering, civil engineering and chemical 
engineering at 24 schools were evaluated 
in terms of the equivalent number of 
quarter hours of credit required in each 


of the aforementioned areas. All data 


were taken from 1959-60 engineering 
bulletins. 

Twenty 4-year curricula were included 
in the study: University of California 
(Berkeley), University of California at 
Los Angeles, California Institute of Tech- 
nology, Carnegie Institute of Technology, 


Case Institute of Technology, College of 
City of New York, Georgia Tech, Uni- 
versity of Illinois, Illinois Institute of 
Technology, University of Iowa, Iowa 
State University, Massachusetts Institute 
of Technology, University of Michigan, 
Michigan State University, Northwestern 
University, Pennsylvania State Univer- 
sity, University of Pittsburgh, Purdue 
University, Rensselaer, and the Univer- 
sity of Wisconsin. 

The averages presented in Tables 6, 
7, 8 and 9 for the 5-year curricula are 
for Cornell University, University of Min- 


TABLE 8 


COMPARISON OF 5-YEAR AND 4-YEAR CURRICULA IN CIVIL’ ENGINEERING 
Equivalent quarter hours of credit 


Engr. 
men | | | | | | meee 
Systems 
 OS.U. 28 BL 51 62 38 12 9 12 
Ave. 4 Yr. 24.6 3a:5 41.5 54.3 27.6 8.3 6.6 11.7 
| Range, 4 Yr. 18-33 26-42 23-54 38-73 15-40 0-13 0-12 0-30 
Ave. 5 Yr. 26.5 37.9 a 68.8 41.3 10.5 9.5 13 
TABLE 9 


COMPARISON OF 5-YEAR AND 4-YEAR CURRICULA IN CHEMICAL ENGINEERING 


Equivalent quarter hours of credit 


Engr. 
Math | science | science | Design, | Tech, | | | Elect 
Systems 
0.S.U. St 69 45 44 40 9 9 12 
Ave. 4 Yr. 25.2 60.6 33.2 37.3 20.8 8.3 5.0 12.3 
Range, 4 Yr. 17-33 29-69 21-48 26-55 12-40 0-13 0-9 0-24 
Ave. 5 Yr. 28.3 71.2 41.7 43.2 42.7 10.5 5.6 15.8 
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nesota, Ohio State University, and Rice 
Institute of Technology. 

In making the comparison it was evi- 
dent that many courses should be listed 
in still another category labeled “state of 
the art” and not actually in the engineer- 
ing analysis, design, and engineering sys- 
tems category. However, in most cases, 
it would be impossible to judge on the 
basis of course descriptions alone whether 
certain courses listed were taught with 
primary emphasis on the “state of the 
art” or whether in fact pertinent applica- 
tions of mathematics, basic sciences, and 
engineering sciences were employed in 
the analysis and design of a modern en- 
gineering system. Giving the benefit of 
the doubt to many courses of this kind, 
they were all placed in the single cate- 
gory. In the new curriculum, Ohio State 
has kept very few courses of the “state- 
of-the-art” variety, as stated earlier. 

The engineering sciences and_ basic 
sciences categories include only the types 
of courses so described in the “Report on 
the Evaluation of Engineering Educa- 
tion, 1955,” and the following ASEE 
“Report on the Engineering Sciences, 
1956-58.” Since many schools permit 
a substantial number of hours of business 
courses and speech as a part of their 
social-humanistic requirements, such 
courses were listed in this category for 
all schools and the category was labeled 
“non-technical.” This means, however, 
that the average number of credit hours 
devoted to the social-humanistic courses 
is not as high as the average in the non- 
technical category would indicate. 

The tables include credit for academic 
subjects only. Credit for basic ROTC, 
physical education, inspection trips, sum- 
mer work experience, and freshmen sur- 
vey courses are not included. 

Tables 6, 7, 8, and 9 show that the 5- 
year program includes time for more 
course work in every category than the 
average for the 4-year curricula studied. 
The range of hours required in each of 
these categories by the 20 four-year 
schools studied shows that some schools 
devote as much time to a few of these 
areas in a 4-year curriculum as the average 
for the 5-year curricula listed. Further 
study of the individual curricula, however, 
reveals that whenever a 4-year school has 
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as many hours devoted to one or two 
categories as a 5-year school, that cu. 
riculum devotes considerably less thay 
the average amount of course time to 
some other categories. 


Conclusion 


Hence, the greatest strength of the 5. 
year curriculum is the fact that adequate 
time may be devoted to the increasingly 
important areas of mathematics, basic 
science, engineering science, and the so. 
cial-humanistic areas and, at the same 
time, a significant portion of class time is 
available for the analysis and design of 
engineering systems. It is this latte 
area, as well as the engineering scienc 
area, which distinguishes an engineering 
curriculum from a curriculum in the pure 
sciences. The former areas are essential 
in providing the academic background 


necessary for future development in the} 


profession. But if either the engineering 
analysis and design area or the engineer- 
ing science area is trimmed drastically in 
order to provide time for the other areas, 
where is the engineering in the eng:- 
neering curriculum? 

Most embryo engineers need the op- 
portunity to apply the principles learned 
in their engineering science courses to 
the synthesis, design, and analysis of in- 
tegrated engineering systems; and, unde} 


the guidance of experienced professor,” 
they begin to appreciate some of the de-| 


sign compromises and considerations fo 
economics, reliability, safety, mainte) 
nance, and manufacturing feasibility’ 
which later in their careers become thi 
essence of experienced engineering judg. 
ment. 


tuitively, but most students must a 
them through experience—some of whit 
should start in college. 4 

If engineering education is to prepar| 
young people adequately for careers ii 
engineering, it seems essential that th 
engineering curriculum must devote sub 
stantial time to both the engineering sc: 
ences and the analysis 
courses. 
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Graphics from the Viewpoint of Industry 


LEONARD A. NELSON 


Boeing Airplane Company 
Wichita Division 


The Football of the Engineering 
Curriculum 


As educators are zealously enlarging 
the engineering curriculum to meet the 
challenge of the space age, industry is 
struggling to design, develop, and pro- 
duce products on a highly competitive 
military or commercial market. Strange 
sounding fields of scientific endeavor 
have come into being, such as orbital 
flight mechanics, energy conversion, hy- 
personic, magneto-hydrodynamics, and 
plasma physics. 

Just where does graphics fit into this 
picture? Does it contribute anything to 
technological advancement in the space 
age? It has apparently been the football 
of the engineering curriculum in recent 
years. We understand that many new 
science courses have been added to the 
college curriculum. And to make room 
for the new courses, many schools have 
reduced the time for instruction in en- 
gineering drawing and other graphics 
courses to a level that is something less 
than a bare minimum. We have even 
heard of suggestions to leave graphics to 
the secondary school or to make it a sub- 
freshman, non-credit exercise. Perhaps 
we are guilty of understatement to say 
that graphics has been deemphasized. 

No doubt all of us are also familiar 
with the threat aimed at sound drafting 
practices by the so-called “simplified 
drafting” philosophy. If we would give 
our full-fledged support to this school of 
thought, we could not justify the time 
we now spend teaching graphics. Suffice 
it to say at this point that simplified 
drafting has some good .principles, many 


Presented at the Engineering Graph- 
ics Division’s Midwinter Meeting in 
Wichita, January 19, 1961. 


of which were adopted by the airframe 
industry years ago, but many of the new 
concepts of simplification have not been 
approved by industry as a whole or by 
authorized standardizing agencies. Nev- 
ertheless, as members of industry and as 
educators we should be constantly on 
the alert to evaluate any new or differ- 
ent practices and then discard methods 
that have become obsolete, or adopt those 
that have merit. 


Automated Drafting 


Now I would like to pull a specter out 
of the closet that is destined to have far 
reaching affects upon graphics; and I 
would like to give it the recently coined 
term: “Automated Drafting.” 

Figure 1 shows a picture of the 
Boeing-Wichita designed Plotter-Verifier, 
which is capable of drafting from in- 
structions dictated by computer tapes. 
This is not just an idea that will be de- 
veloped at some future time, but it is a 
machine that is here now and is in use. 
This machine was constructed originally 
for verifying magnetic tapes used for 
numerical control machining of airplane 
parts, but it also has the capability of 
making line drawings, airfoils, three view 
drawings of parts, charts, maps, or any 
other drawing that can be defined 
through the use of computed point data. 
Notice the tape in the computer cabinet 
and the ball point pen that responds to 
instructions from the tape to move in X, 
Y, and Z directions. 

The possibilities inherent in this method 
of drafting are unlimited. As an exam- 
ple, an NACA airfoil similar to the one 
shown in Figure 2 was plotted manually 
and subsequently by the plotter-verifier 
with results as follows: The automatic 
equipment plotted the foil section in one- 
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third the time that was required to do it 
manually. The machine-produced foil 
section was also more accurate because 
the manual method had to employ the 
use of a spline to fair the curved lines 
from point to point, whereas the com- 
puter can be asked to produce a line cor- 
rect to two thousandths of an inch by 
the use of sub-routines that create many 
additional points on the curves. Then 
simply by changing the dimensional in- 
put of the computer, the plotter can pre- 
pare foil sections with varying chord 
lengths. The savings in time and the 
increase in accuracy are significant, but 
there is an added bonus in that once the 


WING CHORD PLANE 


tape is prepared, it can be catalogued 
and stored. At any future time the foil | 


section can be reproduced within seven 
to ten minutes. 


We have not asked the plotter-verifier | 


to give us a three-view drawing of a part, 


but Figure 3 illustrates that it can be/ 
Once a given set of lines are 


done. 
shown in one view, the computer can be 
asked to show the lines from another 
angle. Shown are the three views of a 
cutter-path trace used in machining a 
large die. 

Flight test data of aircraft and missiles 
can be plotted in a fraction of the time 
previously required. 
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Figure 4 shows a plotted graph of a 
“Dutch Roll” 
describes a flight condition that is pe- 
culiar to all swept-wing aircraft. The 
graph indicates the time required for 
oscillations and deviations from the nor- 
mal flight attitude to dampen out. To 


_ plot the resulting curves manually would 


be extremely tedious because the points 


_ on the curves, especially for the first two 


seconds of time duration, would have to 
be very close together to show the actual 
oscillations. This particular test was 


_ machine plotted in 43 minutes whereas 


lines are’ the manual drafting of the same informa- 


ter can be © 


tion required 13 hours. The machine 
input included standard numerical equa- 
tions of motion, and constants peculiar to 
a given airplane. 

Further, many engineering man-hours 
can be saved by automated drafting of 
equations. The equation at the top of 


Figure 5 was used to determine the 
_ power gain of a narrow-beam antenna at 


any angle from the center line of the 
antenna’s main lobe. The pattern was 
drawn in minutes by the plotter-verifier. 
Its completeness and accuracy could not 
be duplicated by a draftsman in many 


_ hours of laborious work. The computer 


calculated points for every 10th of a 


_ degree. Thus if this had been done man- 


ually, 3,600 separate computations would 
have been required. 

It appears also that the computer will 
be making giant inroads into another 
field of graphics, perspective drawing. 
Techniques have already been developed 
whereby the computer, plotter-verifier 
combination can be asked to draw a per- 
spective of an object or a model from a 
given point of view. See Figure 6. And 
should it be desirable to view the model 
from a different angle, this can also be 
accomplished by changing the angular 
input data. The actual techniques used 
to program the drawing shown in Fig- 
ure 6 is proprietary, but I believe you 
will agree that this is an eye-opener re- 
garding computer capabilities. After the 
machine plotter completed the lines 
shown in Figure 6, it was a simple task 
to trace off the visible lines and add a 
little shading as shown in Figure 7. 

Our company is in the act of urging its 
design groups to make more use of this 
equipment. I have shown only a few of 
the many applications for the plotter- 
verifier. We have just begun to explore 
its possibilities. 

A parallel development in the field of 
drawing automation could be termed 
“mockup simulation.” This is a concept 
that will have far-reaching effects on 
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graphics requirements of engineering ac- 
tivity especially in the electrical, hydraul- 
ics, and equipment areas. It might be 
defined as a technique of developing a 
mathematical model of a product, such 
as an airplane, within a computer on 
which can be performed many of the 


functions presently performed on a phys- 
ical mockup. 

A mockup is an exact replica of a 
finished product, or portion thereof, con- 
structed of relatively cheap and easy to 
work materials and used to perform the 
following typical functions: 
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Space allocation or the actual phys- 
ical locating of equipment and com- 
ponents within the product. An 
airplane such as the B-52 which 
has a gross weight of 488,000 lbs., 
consists of approximately 65,000 
Ibs. or 15% of equipment other 
than airframe. Since the available 
space within the airplane to locate 
this equipment is very small, the 


Vol. 51—No. 9 


allocation of this space is extremely 
critical. This problem, further com- 
plicated by the constant design im- 
provement changes which require 
continuing relocation, points up 
the need for a more simple system 
for controlling space aliocation. 


. A mockup is also used to facilitate 


wire and tube routing. Up until 
the present the most practical and 
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economic way of determining exact 
wire and tube routing, lengths, ete., 
has been on a physical mockup. 
This system, when applied to a 
product as complex as a B-52H 
which contains over 68 miles of 
wiring and 28,000 feet of high pres- 
sure tubing, is very costly in terms 
of time and manpower. 


Under the mockup simulation concept, 
a mathematical model is created and 
held within the memory of a computer. 
This is accomplished by defining in terms 
of three dimensional coordinates or other 
descriptive mathematical language, the 
exact space occupied by each item of 
structure and equipment of the product 
within the limits of its over-all envelope. 
With this information available within a 
computer, it will be possible to determine 
very rapidly and exactly what space re- 
mains available within which equipment 
can be located, the best possible location 
for wire and tube routing, and the an- 
swers to practically any questions for 
which a physical mockup is now used. 

A few of the more obvious advantages 
to the use of mockup simulation would be: 


1. Less engineering time required to 
accomplish basic wire and tube 
routing as well as subsequent 
changes. 

2. Reduction of errors. 

3. Better engineering control over 
space allocation and wire and tube 
routing. Now this is largely left 
to manufacturing planning. 

. Better center of gravity control. 

. Better optimum arrangement of 
installations for space conservation. 


Industry’s Need for Engineers 
with Graphic Skills 


In View of the above mentioned innova- 
tions in the field of graphics the questions 
arise: Will the requirements for the 
drafttman diminish in the immediate 
future and should education in graphics 
be deemphasized further? The answer 
to both questions is a decisive “NO.” 
The casual observer might conclude that 
fewer drawings are required for today’s 
missiles and tomorrows space vehicles. 


_ But publications in the graphics field dis- 
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close that the average missile with its 
sophisticated control system requires bet- 
ter than 15,000 drawings, a jet fighter 
30,000 drawings and the advanced space 
vehicles now in planning stages may re- 
quire upward of 100,000 drawings. The 
military is receiving drawings at the rate 
of six million a year. This rate is on the 
increase, because greater sophistication 
of weapon systems requires a correspond- 
ingly greater amount of drawing delinea- 
tion. 

The popular reaction to this tremend- 
ous requirement for drawings is to shrug 
one’s shoulders and say that the prepara- 
tion of all these drawings could be given 
over to the draftsman or perhaps automa- 
tion will somehow come to the rescue. 
This is head-in-the-sand type thinking. 
My experience tells me that a very large 
percentage of the drawings mentioned 
are brought into being by the graduate 
engineer. And as far as automation is 
concerned, it is making its appearance 
slowly and we will always need person- 
nel that can determine whether or not 
the machine is right. The personnel that 
program the information into the ma- 
chine must have the necessary engineer- 
ing and drawing backgrounds. At pres- 
ent the information received from the 
machine must be finished by drawing 
and lettering, and someone is always 
needed to correlate the machine output 
into usable drawings. Here again, the 
knowledge and abilities of the graduate 
engineer are required. 

Boeing-Wichita is not alone in assign- 
ing numerous drawing preparation tasks 
to the graduate engineer. In managing 
a multi-million dollar engineering sub- 
contract effort, we find that some firms 
have decreased the ratio of draftsmen to 
engineers to the extent that practically all 
of the drawing preparation is being ac- 
complished by qualified engineers. 

The requirement for engineers with 
graphic skills is substantiated by a spe- 
cific look at the B-52 picture. This air- 
plane has required some 35,000 Boeing 
numbered drawings. Not included are 
the many vendor drawings that have 
been submitted to fulfill Boeing design 
requirements. Then, to keep pace with 
today’s dynamic weapon systems, the 
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average drawing must be changed many 
times either directly or by advance 
change notices. At Bocing-Wichita these 
advance change notices total over 5,000 
a month. Who is to do this work? It is 
drafted by, or at least checked by, or 


supervised by, or used by the graduate. 


engineer. 

We cannot even say that the airframe 
manufacturer enjoys free reign over how 
to prepare his drawings, what to include 
on his drawings, and how well to pre- 
pare his drawings. If some branch of 
the Military is his customer, the manu- 
facturer finds in his contracts directives 
that require him to comply with specific 
drafting specifications, such as the con- 
troversial MIL-D-70327, entitled Engi- 
neering Drawings and Associated Lists. 
This specification exercises tremendous 
control over the drawing. It calls out 
military standards that control general 
drawing practice, drawing sizes, format, 
dimensioning, abbreviations, symbols, re- 
visions, titles, numbering, parts lists, 
drawing media, and quality. Yes even 
quality! The specification asks the de- 
sign activity to check the drawings not 
only for completeness and technical ac- 
curacy but for legibility and reproducibil- 
ity. The government also reserves the 
right to review the drawings prior to ac- 
ceptance and could reject them for qual- 
ity reasons. Information filters through 
to industry that a general across the 
board dissatisfaction with present draw- 
ing quality exists among the military. At 
various occasions the military has called 
attention to contractor-prepared drawings 
that are very poorly executed and nearly 
illegible. Blowback from aperture card 
microfilm would make matters even 
worse. MIL-D-70327 also implies that 
when the military buys an article they 
obtain drawings adequate in all respects 
for manufacture or for competitive pro- 
curement. The tight interchangeability 
and replaceability requirements imposed 
by MIL-I-8500 must also be reflected on 
the engineering drawing by dimensional 
accuracy and specific callout. Does this 


all sound as though drawing preparation 
is becoming less significant? 

We have already mentioned microfilm. 
It is here to stay. 


Military problems of 
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engineering data storage have reached 
the point that a system of microfilming 
drawings becomes imperative. As a re. 
sult, the microfilm specification MIL-M. 
8857 has come into being. Aperture 
card microfilm is being introduced simul. 
taneously by several branches of the 
Service. Without doubt, greater de. 
mands will be made on drafting lezibil- 
ity. Drawings will have to be prepared 
carefully, lines uniform in thickness, notes 
carefully printed and widely spread. We 
can forget the free-hand sketches recom- 
mended by the proponents of simplified 
drafting. Some chief draftsmen in in 
dustry are fearing more detailed require. 
ment from the Military even relating to 
lettering slant, letter height, line density 
and line width. Does this indicate that 
we can begin relaxing in the area of 
graphics and abandon it as a more or 
less unimportant skill that the engineer 
should have picked up in secondary 
schools? 

An engineering graduate who has not 
received the fundamentals of graphics 
often becomes a problem to the airframe 
company. Many engineering new hires 
must be given training in drawing prep- 
aration on company time before they are 
put to work in a design group, or if this 
training is not available because of auster- 
ity programs, the new engineer may find 
it necessary to take supplementary of: 
shift graphics training. In such courses 
it often becomes necessary to spend con- 
siderable time with practice in line and 
lettering work. It is surprising to se 
that graduate engineers from some col 
leges and universities are not able to 
draw a line that would reproduce prop- 
erly or construct an acceptable alpha 
betical character. Place yourself into ou 
position. What assignments can we give 
these engineers so that they can eam 
their way until we can give them ad 
vancement? Often they do not have the 
capabilities required to begin their ca 
reer. Who should we use to prepare the 
35,000 B-52 drawings? At least at Boe 
ing a significant percentage of new engi 
neering graduates will spend their eatly 
years of service in assignments which 
will include the preparation, checking 
changing of drawings. 
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Certainly a company as large as Boe- 
ing has engineering personnel who are 
aploring the unknown, who are re- 
garching and developing space age con- 
cepts in the search for products for to- 
morrow’s markets, but the backbone of 
our engineering activity is comprised of 
those who prepare the drawings that 
grve as the communication link between 
the scientist-engineer and the production 
shops in the manufacture of today’s 
products. 

To be sure, many engineering depart- 
ments have a number of supporting units 
and groups that are not concerned pri- 
marily with drawing preparation. I men- 
tion only such functions as field service, 
structural dynamics, flight test opera- 
tions, human factors reliability, and aero- 
dynamics. However, those in charge of 
personnel placement do not consider de- 
sign experience on the drawing board a 
hindrance to acceptance of positions in 
these areas. On the contrary, a solid 
background in drawing and design con- 
stitutes a tremendous asset to the record 
of any engineering employee. The draw- 
ing room is industry’s handiest manpower 
pool for filling good engineering posi- 
tions. Many a project engineer has been 
heard to speak proudly of his drafting 
and design background. 


Challenge to Education 


My advice to education is to place 
sufficient emphasis on the teaching of 
the fundamentals of graphics. Teach 
the best practices of engineering drawing 
in spite of the cut in the amount of time 
allotted in the curriculum. If the edu- 
cator fails to equip the engineering grad- 
uate with a thorough knowledge and skill 
in graphics either the so-called technical 
institutes will have to begin supplying 
industry with personnel they can use or 
industry will have to create on-the-job 
training classes to prepare the young en- 
gineer for his job. Training by industry 
is expensive not only in dollars but in 
time requirement on the engineer. This 
requirement delays the company in as- 
signing the neophyte to the specific task 
for which he has already devoted five or 
more years of preparation. 
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Educators can also help industry by 
putting the young engineer in the proper 
state of mind. When a young lad dreams 
of becoming a fireman, he sees himself 
at the wheel of a speeding red fire wagon 
with sirens screaming. He does not see 
himself studying the city map or scrub- 
bing the floors of the fire station. Sim- 
ilarly the young engineer enticed into 
employment by the colorful brochures 
of a great company, pictures himself as 
a young scientist engaged in new, fan- 
tastically challenging fields of work. He 
pictures himself toying with models of 
space age vehicles or conducting tests on 
the laboratory equipment of tomorrow. 
But alas, when he is ushered through the 
doors of an engineering organization to 
meet his new employer, he receives a tall 
stool and a drawing table. What a let- 
down! He accuses his professors of not 
preparing him for his work or he may 
accuse his employer of misleading him. 

Let’s cultivate in the young engineer 
the desire to acquire the tools of com- 
munication, including the basic funda- 
mentals of graphics, so that he may 
communicate his ideas accurately and 
effectively with others. Drawing prep- 
aration is not a menial task. It should 
challenge the best efforts of an engineer. 
A poorly prepared drawing has no place 
in today’s competitive market. Our 
company takes professional pride in its 
drawings as well as its products. 

True, it is not necessary or desirable 
that top flight engineers continue to spend 
long hours on the drafting board actually 
preparing drawings. However, it is de- 
sirable that they know as much or more 
about the theories and fundamentals of 
a good drawing than the professional 
draftsman. Let's tell the young engineer 
that the real creative engineering is done 
in the drafting room and that his work 
in design and drawing preparation is the 
keystone of his engineering career. The 
graphic skills of a young engineer are 
a tool which he will use to express some- 
body else’s ideas today and possibly his 
own ideas tomorrow. The most valuable 
men in engineering research and devel- 
opment areas are those whose solid back- 
ground in drawing and design permits 
them to follow a task from the initial 
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freehand sketch to the finished article. 
Drafting is by no means losing its place 
as an engineering tool. 

No doubt educators have access to all 
the latest literature available regarding 
drawing media and miscellaneous draft- 


ing equipment and supplies that have . 


appeared on the market recently to im- 
prove the efficiency of the draftsman. 
Therefore industry assumes that drawing 
courses are being revised constantly to 
keep up to date with the state of the 
art. Are you aware that Boeing-Wichita 
is one of perhaps many firms that have 
made a 100% switch-over from linen to 
a polyester film? 

Because of its greater durability, econ- 
omy, stability, and reproduction qual- 
ities, a polyester film will probably be- 
come the chief drawing medium of the 
future both for dimensioned and vidi- 
mensioned drawings. Here is another 
understatement; drawing preparation on 
polyester is a far cry from preparing a 
plate on buff card stock. My intention is 
not to cast reflections that educators are 
using obsolete drawing materials, but I 
would urge that the young engineer be 
initiated in the use of new drawing 
media, such as Mylar; he should receive 
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more direction regarding the selection of 
proper pencils and erasers to achieve the 
best results on a given drawing surface, 
And what about those beautiful sets of 
foreign made drawing instruments? They 
are certainly a masterpiece of art and 
craftsmanship, but their utility in recent 
years is becoming less and less. You 
would have difficulty finding a set in use 
among aircraft engineers and draftsmen, 

In conclusion I would like to quote the 
first sentence of the recently translated 
German book History of Technical Draw. 
ing by Franz Feldhaus. 


“From the time man began to think, invent 
and actively create, he has endeavored to 
express his thoughts pictorially, both for his 
own assistance and to make himself under- 
stoed by others.” 


Herein is the essence of graphics. The 
passing centuries have brought about 


new concepts and improvement in meth- | 
ods; nevertheless industry’s need for the | 


pictorial communicator will remain. In- 
dustry will continue looking for graduv- 
ates equipped with a thorough under- 
standing of graphic principles and with 
the skill required to execute neat and 
accurate drawings. 


(Continued from page 714) 


year engineering curriculum, most mem- 
bers of the faculty at Ohio State believe 
that a 5-year curriculum provides a bal- 
anced coverage of all phases of educa- 
tion for the profession in a reasonable 


length of time; and, with the Combined 
Program, it allows the superior student 
to earn a master’s degree in the same 
period of time as in a 4-year curriculum 
followed by graduate work. 


KEN / 
D. GR 
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KEN AUGUST BRUNNER 
D. GRANT MORRISON 


Introduction 


This is the third article in the series 
of reports of enrollments and graduations 
from ECPD-listed institutions in various 
semi-professional fields.* 


1Henry H. Armsby and S. V. Martorana, 
‘Engineering Technical Institute Enroll- 
ments and Graduations in ECPD-Listed In- 
stitutions: 1956,” Journal, Vol. 48, No. 9 
(May 1958), pp. 772-785. 


Dr. Brunner is Specialist for Associate 
Degree and Related Programs, Higher 
Education Programs Branch, and Dr. 
Morrison is Specialist for Community 
and Junior Colleges, College and 
University Administration Branch, 
both in the Division of Higher Edu- 
cation of the Office of Education, 
U. S. Department of Health, Educa- 
tion, and Welfare. The two basic 
tables of this report were prepared 
by Leah W. Ramsey, under the su- 
pervision of Hazel C. Poole, and fur- 
ther refined by Barbara L. Mauer. 


The term “ECPD-Listed Institutions” 
is used in this report to designate 
institutions in which at least one 
curriculum is accredited by the En- 
gineers’ Council for Professional De- 
velopment (ECPD), a_ nationally 
recognized accrediting agency for 
engineering schools and technical in- 
stitutes. ECPD accredits only in- 
dividual curriculums. These are re- 
ferred to as “ECPD-accredited 
curriculums.” 


The more inclusive study from which 
the data used in this report are drawn 
is reported in United States Office 
of Education Circular 632, Organized 
_ Occupational Curriculums in Higher 
_ Education: Enrollments and Grad- 
uates, 1958. 


Engineering Technical Institute Enrollments 
and Graduations in ECPD-Listed 
Institutions: 1958 


Within the last year or so a number 
of publications have outlined the continu- 
ing necessity for the increasing use of 
technicians in our economy as support- 
ing personnel to engineers and scientists. 
In many cases, as is well known, engi- 
neers and scientists are performing the 
work of technicians because technicians 
have not been available and are not yet 
available in sufficient numbers to per- 
form these tasks. It is a cause of some 
concern then to note that in 1958 and 
again in 1959 freshman engineering en- 
rollments declined 11.1 per cent and 3.3 
per cent ‘respectively.2 The Engineering 
Manpower Commission in cooperation 
with ASEE made a special study of tech- 
nical institute enrollments in 1959 to de- 
termine whether there was some relation- 
ship between the freshman enrollments 
in engineering colleges and first-year en- 
rollments in technical institute programs. 
They surveyed only those technical in- 
stitutes offering curriculums accredited 
by the Engineers’ Council for Profes- 
sional Development. On the basis of 
complete returns from 22 technical in- 


Ken August Brunner and D. Grant Morri- 
son, “Engineering Technical Institute En- 
rollments and Graduations in ECPD-Listed 
Institutions: 1957,” Journal, Vol. 50, No. 2 
(November 1959), pp. 136-151. 

2 Justin C. Lewis and Henry H. Armsby, 
Engineering Enrollments and Degrees 1958. 
Office of Education Circular No. 555. 
(Washington: U. S. Government Printing 
Office, 1959), p. 9. 

Wayne E. Tolliver and Henry H. Armsby, 
Engineering Enrollments and Degrees 1959. 
Office of Education Circular No. 617. 
(Washington: U. S. Government Printing 
Office, 1960), p. 10. 
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stitutes they concluded, “There does not 
appear to be any gain in the two-year 
program enrollments at the expense of 
the engineering colleges.” * 

The data which are presented in this 
article and which are based on a much 


wider sample tend to substantiate the re- ° 


port of the Engineering Manpower Com- 
mission. A further significance of this 
brief survey by the Engineering Man- 
power Commission is the clear indica- 
tion of the importance placed on analyses 
of technical institute enrollments and 
graduations such as are presented in this 
series of Journal articles. Surveys like 
that of the Engineering Manpower Com- 
mission and those by Donald C. Metz *# 
should probably be repeated from time 
to time to get quick snapshot impressions 
of technical institute enrollments. Re- 
sulting tentative predictions and conclu- 
sions can be tested later against the more 
complete data obtained in the annual 
survey of Organized Occupational Cur- 
riculums which is conducted by the Of- 
fice of Education in cooperation with 
ASEE. 

On May 24, 1959 the White House 
published Education for the Age of Sci- 
ence. This report by the President’s 
Science Advisory Committee, chaired at 
the time by Dr. James R. Killian, Jr., 
Special Assistant to the President for Sci- 
ence and Technology, stated that in 
America the technical institute has been 
grossly neglected. Education for the 
Age of Science declares that the tech- 
nical institutes should be enlarged and 
improved, that their graduates are 
needed in much greater numbers than 
they are being produced, and that the 
occupations for which technical institute 
oraduates are prepared deserve greater 
dignity and prestige. 

The report of the National Survey of 
Technical Institute Education, which was 
conducted by ASEE, was published in 
The Technical Institute in America writ- 


3“Trends in Technical Institute Enroll- 
ment.” (New York: Engineering Manpower 
Commission, August 1959). Mimeo. p. 1. 

4 Technical Education News, Vol. 19, No. 
1 (Special Issue, 1959), p. 13: Technical 
Education News, Vol. 20, No. 2 (November, 
1960), p. 15. 


ten by G. Ross Henninger, Director, and t 
published by McGraw-Hill Book Com. I 
pany, Inc., 1959. Among the findings g 
was a ratio of employed engineering tech. i 
nicians to engineers of about 0.8 to 1. y 
Employers had also been asked to state| b. 7 
their preferred ratios at the time, five q 
years later, and ten years later. Two s 
conclusions were reached with regard ty a8 
the employment situation for engineering il 
technicians throughout the country at it 
the time of the survey: (1) About 30 per ti 
cent more were needed than were avail- p 
able; (2) by 1967 employers would like 0 
to hire more than twice as many gradu. 0 
ates from technical institutes as from en- b 
gineering colleges, at the same time ex- d 
pecting to increase their demands for en- a 
gineering graduates.° Thus, it seem} c. T 
clear that the need for engineering tech- p 
nicians will continue to increase at an p 
even greater rate than in the past. dl 
Partly to find out the extent to which | fc 
higher educational institutions were meet- tc 
ing this need, the U. S. Office of Educa- : N 
tion, in cooperation with ASEE, under. © tk 
took a series of annual surveys of organ- a 
ized occupational curriculums beginning fit 
with the 1955-56 academic year. Dat 01 
from the first two joint surveys were used | ri 
to prepare the first two articles in the’ as 
Journal series of reports of enrollments, ce 
and graduations from ECPD listed insti-/ ce 
tutions in various semi-professional fields. | tic 
Data for this article are drawn from all) 
three surveys of organized occupationd | ri 
curriculums.® sh 
ti 
Definition of Field Covered oof 
Specific criteria for organized occups| 4. C 
tional curriculums are defined in the) ql 
questionnaire in this manner: ye 
eq 
For purposes of this survey, an organized) je 
occupational curriculum is one which! 
meets all five of the following criteria: 
a. High-school graduation (or it 


equivalent), but no work beyond! 


5 Pp. 130-133. 
6 In some instances in the present article.) 
1956 and 1957 data are treated differen!” 
from the way they were treated in the fi” 


3 lic 
two Journal articles in this series. Com — Boe 
parisons between data in this and previot 1 


articles should, therefore, be made with care — ate 


ca 
th 
tio 
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the high school, is required for ad- 
mission to the curriculum. The 
general level of these curriculums 
is the first one to three years be- 
yond high school. 


. The curriculum is a series of re- 


quired and elective courses con- 
stituting an integrated program pre- 


. scribed by the institution to assist 


in the general education and train- 
ing of the individual, but more par- 
ticularly, in his training as a future 
practitioner in a given occupation 
or cluster of occupations. A group 
of courses, even though all of them 
be in a given occupational area, 
does not necessarily constitute a 
curriculum. 


. The curriculum is designed to pre- 


pare students for immediate em- 
ployment in an occupation or 
cluster of occupations, rather than 
for further, advanced study leading 


to a bachelor’s or higher degree. 


Nevertheless, individual courses in 
the curriculum may normally be 
creditable toward a bachelor’s or 
first professional degree by transfer 
or otherwise. However, the cur- 
riculum as an organized program, 
as distinguished from the individual 
courses in it, is designed to edu- 
cate and train primarily for occupa- 
tional competence rather than for 
transfer or degree credit. The cur- 
riculum, itself, and its objectives 
should be classified, not the inten- 
tions or possible subsequent careers 
of the students involved. 


. Completion of the curriculum re- 


quires at least 1 but less than 4 
years of full-time attendance, or the 
equivalent in part-time attendance 
over a longer period. A “year” 
means an academic year of approx- 
imately 9 months. 


. The curriculum leads to a certifi- 


cate, diploma, associate degree, or 
other formal award, signifying that 
the student has completed an or- 
ganized curriculum in an occupa- 
tional area; or the State grants a 
license or other formal recognition, 
without examination, to all gradu- 
ates of the curriculum. 
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Each of these factors is important. 
Again, as was the case in previous years, 
curricula had to be eliminated before 
data could be summarized because some 
of the reported programs were unable to 
satisfy all of the factors listed above. 

“Technician” has been defined parallel 
to the definition adopted by the Presi- 
dent’s Committee on Scientists and En- 
gineers: 


The engineering or scientific technician is 
usually employed in (1) research, design, 
or development; (2) production, operation, 
or control; (3) installation, maintenance, or 
sales. When serving in the first of these 
functional categories, he usually acts as di- 
rect supporting personnel to an engineer or 
scientist. When employed in the second 
category, he usually follows a course pre- 
scribed by a scientist or engineer but may 
not work closely under his direction. When 
active in the third category, he is frequently 
performing a task that would otherwise 
have to be done by an engineer. 


In executing his function the scientific or 
engineering technician is required to use 
a high degree of rational thinking, and to 
employ post-secondary school mathematics 
and the principles of physical and natural 
science. He thereby assumes the more rou- 
tine engineering functions necessary in the 
growing technologically based economy. He 
must effectively communicate scientific or 
engineering ideas mathematically, graph- 
ically, and linguistically. 


This definition is used to distinguish 
technicians from artisans, craftsmen, and 
skilled operators. 


Information Sought by Questionnaire 


The questionnaire was addressed to 
the registrar of the institution, and stated 
in the opening paragraph: 


This is the third annual survey of enroll- 
ments and awards in organized occupational 
curriculms of at least 1 but less than 4 years’ 
duration in institutions of higher education. 
This survey is part of a coordinated series 
of inquiries by the Office of Education con- 
cerned with the Nation’s resources of trained 


manpower. 


The questionnaire listed 44 (43 in 
1957) engineering-related curriculums 
and 53 (50 in 1957) non-engineering- 


| 
ot | 
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related curriculums, first of “two or more 
but less than four years” and second of 
“less than two years but at least one 
year,” and provided spaces for writing in 
additional curriculums if needed. For 
each program the institution was asked 
to report: : 
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were contained in the questionnaire, |; 
case they had none, they were asked t; 
indicate the fact by checking in th 
space provided for that purpose. 

The second request was sent on Marc 
17 to 485 institutions which had not r. 
plied by that date, and on May 8, 
third request went to 136. institution 


Enginee 


(1) Number of graduates July 1, which still had not replied. On July§) * 
1957, to June 30, 1958, for men a fourth request, in the form of a certifie! ~ 
and for women separately. | letter, was sent to 39 institutions whic} fnginec 

(2) Type of award—associate’s de- had not then replied. Finally, on Juki of To 
ee, certificate, diploma, or other 29, telegrams were sent to 22 institutionp 
—given to graduates. which were thought to be offering th * 

(3) Enrollment on or near October type of programs covered by the surve - 
1, 1958, for first-time students, (See Table 1.) ane 
separately for full-time and part- The collection of data was close 
time students but not with dif- August 27, 1959, and editing and tabuk-f Dgtg ¢ 
ferentiation by ur (Not asked tion of information initiated. At thi} gnd 
for in case of curriculums of less time no replies had been received fronf Cyrric: 
than 2 years.) 6 institutions. Since these six institu. ; 

(4) Total enrollment on or near Oc- tions comprise 0.3 per cent of those i ee 
tober 1, 1958, separately for full- the country and their total enrollment ip, “8 © 
time and part-time students, but —_ 1958 was less than 1 per cent (0.05 pep “8*™! 
not with differentiation by sex. cent) of that in all the Nation’s highe - ge 
institutions, the data may be regarde 

Analysis of Questionnaire Returns as virtually complete. pot . 
In order to insure complete coverage In general, data in Table I indicat ls 
of recognized institutions of higher edu- that more than one-fourth of the 4-yeuf = | 
cation, the Office of Education sent institutions and practically three-quarter d nis 
copies of the six-page questionnaire to the 2-year institutions of the country) 
1,934 of the institutions listed in Office enrolled students in some type of orga) ha i 
of Education Directory—1958-59, Part 3, ized occupational curriculum of less thay ~ bl 
Higher Education. Registrars were again baccalaureate level in 1958. For th i 
asked te return the questionnaire whether first time in this series of studies th? er a ¥ 
or not they had any curriculums meeting number of 2-year institutions exceedel a ay 
the definitions of organized occupational the number of 4-vear institutions offering lie 4 F 
programs as previously quoted, which such programs. fe 
TABLE 1 
SUMMARY OF QUESTIONNAIRE RETURNS: SURVEY OF ORGANIZED E 
OccUPATIONAL CuRRICULUMS 1958 
Institutions 
Item Total 
4-Year 2-Year Ty 
Number of questionnaires sent out Feb. 5, 1959. ........ 1,934 1,378 556 = 
Number of questionnaires returned by Aug. 27, 1959... . 1,928 1,377 551 Engine: 
Percentages of questionnaires returned. ................ 99.7 99.9 90.1 Non-En. 
Number of questionnaires not returned................ 6 5 Curt 
Number of institutions with reports on organized , e Enginee 
Percentages of institutions with reports on organized Ba 


| 
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onnaire, |; 
sre asked t GRADUATES, LISTED BY SEX, FROM ENGINEERING-RELATED AND NON-ENGINEERING- 
cing in th RELATED CuRRICULUMs, 1957-58 
ose. 
nt on March Number of Schools Graduates, 1957-58 

had not re. Type of Curriculum 
1 May 8; 1955-56 1956-57 1957-58 Total | Men Women 

‘ ti . | 

is _- Engineering-Related 202 249 264 12,985 | 12,912 73 
f 'Y °F \on-Engineering-Related 620 752 719 30,206 | 10,616 | 19,590 
of a certifi Curriculums 6o0* | 797** | 767*** | 43,191 | 23,528 | 19,663 
tions whict Engineering-Related as Per Cent 
Hy, on Jubf of Total 30.6 31.2 34.4 30.1 54.9 0.4 

offering th: * 162 schools offer both engineering and non-engineering-related curriculums. 
- the survey ** 204 schools offer both engineering and non-engineering-related curriculums. 
*** 216 schools offer both engineering and non-engineering-related curriculums. 

was close 
Data Compared on Engineering-Related between the engineering-related and the 
At thal and Non-Engineering-Related non-engineering-related curriculums. A 
ceived fronf Curriculums word of explanation may be in order in 
As in previous years, this article con- of 
tains data which show the importance of in these orty-eignt 
PEE the general system of higher education.  CU7ICutums, reported onty non-engi- 
tion’s highe neering-related curriculums, 216 institu- 


This serves to set the stage for the heart 
| of this article, data on engineering tech- 
nical institute enrollments and gradua- 
tions. 

In order to compare more readily the 


data. on engineering-related programs 
pe of orgal with other information, Tables 2 and 3 
"of less been prepared. 


Tables 2 and 3 contain summaries of 


tions reported both types of programs, 
and hence are included under both. This 
explains why the number of schools with 
engineering-related programs (264) 
should not be added to the number of 
schools with non-engineering-related pro- 
grams (719) to get the total number of 
schools. 


ye graduations (by sex) and of total and Table 2 shows some comparisons be- 
no cue first-time enrollments (full-time and part- —_ tween the numbers of graduates from 
erin time) for the 767 institutions which sup- _ engineering-related curriculums and those 
1ons Olen plied data on organized occupational cur- from non-engineering-related curriculums. 
_ ticulums, and show some comparisons As might be anticipated, the graduates 
TABLE 3 
ENROLLMENTS, TOTAL AND First-Time, BY FULL-TIME AND PART-TIME, IN ENGINEERING- 
RELATED AND NON-ENGINEERING-RELATED CURRICULUMS, ON OR 
———— NEAR OCTOBER 1, 1958 
futions 
Total Enrollment ist-Time Enrollment 
Type of Curriculum 
556 Full-Time Part-Time Full-Time Part-Time 
 Engineering-Related 264 41,032 35,080 18,911 9,367 
5 _ Non-Engineering-Related 719 88,236 42,026 41,029 13,415 
; > All Curriculums 767* 129,268 77,106 59,940 22,782 
wi Engineering-Related as 
Per Cent of Total 34.4 45.5 41.1 


* 216 schools offer both engineering and non-engineering related curriculums. 


be regarde 
e I indicat 
f the 4-ye 
71.0 
| 
: 
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from engineering-related curriculums are 
almost exclusively men (99.4%). On 
the other hand men constitute only 
35.1% of the graduates in the non-engi- 
neering-related curriculums, and 54.5% 
of the total graduates in all the reported 
curriculums. This compares with last 


year’s percentages of 98.7, 35.5, and — 


54.3. 

In 1956-57 the number of women 
graduates had increased to 170 from 80 
in 1955-56. This year, 1957-58, the 
number of women graduates is below 
both previous years, at 73. 

The total number of graduates in the 
engineering-related curriculums is 30.1% 
of the number of graduates from all cur- 
riculums, including 54.9% of all men 
graduates, and only 0.4% of the women 
graduates. A comparison with last year’s 
data shows that the percentage of grad- 
uations from engineering-related curric- 
ulums is up only slightly (0.4%) in com- 
parison to total graduations from organ- 
ized occupational curriculums, while 
there is a 3.2% increase in the percentage 
of institutions which offer engineering- 
related curriculums compared to all in- 
stitutions in the survey. 

Table 3 shows some comparisons be- 
tween the engineering-related and the 
non-engineering-related curriculums in 
terms of enrollments. Even though the 
data do not permit the breakdown of 
the enrollment figures by sex, they do 
show the breakdown between full-time 
and part-time, as indicated. From the 
manpower standpoint it is encouraging 
to note once again that both total and 
first-time enrollment of full-time students 
is considerably larger than that of part- 
time students both in the engineering- 
related and the non-engineering-related 
curriculums. Percentages of full-time to 
total enrollment are 53.9% for engineer- 
ing-related, 67.7% for non-engineering- 
related and 62.6% for all occupational 
curriculums. Last year’s respective per- 
centages of full-time:students were 52.5, 
65.9, and 60.9. This year, then, the 
full-time enrollment percentages are all 
up somewhat, whereas last year they had 
decreased. 

It is well, then, to examine the per- 
centages represented by full-time stu- 
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dents of those enrolled for the first time 
in these curriculums. this case 
the percentages are: engineering-related, 
67%; non-engineering-related, 75%; and 
total, 72%. The comparative percent. 
ages for 1957 were 57, 71, and 65. Thus, 
the full-time students represent a larger 
percentage (10%, 4%, 7%) of the first. 
time as well as of total enrollments jn | 
organized occupational curriculums. This 
is, then, a reversal of what occurred be. 
tween 1956, and 1957. Evidently these 
enrollments have not stabilized to the 
point where trends are apparent in first- 


time enrollment of full-time students, 
The enrollment in engineering-related 
curriculums as a percentage of the total 
in occupational curriculums is shown 
again in the last line of Table 3. Full 
time enrollment is once more a slightly 
larger percentage of the totals than the 
engineering-related graduates are of total | 
graduates, and the part-time enrollment | 
in engineering-related programs ap- 
proaches half of the total, much larger | 
percentages than for either graduates or — 
full-time enrollment. Unlike the other | 
students, those in engineering-related | 
programs, then, are more likely to be | 
part-time students. However, we ned 


already noted that there is a trend to- 
ward full-time enrollment in engineer- 
ing-related programs. 


Engineering-Related Curriculums 

As indicated in Tables 2 and 3 above, 
264 of the 767 responding institutions 
are conducting engineering-related cur- 
riculums. Of this number 80 (82 in 
1957) are 4-year institutions and 184 
(167 in 1957) are 2-year institutions. 
Compared to 1957 data this is a decrease 
of almost 2% of the 4-year colleges and 
an increase of more than 10% of the 
2-year colleges. These institutions are | 
found in 43 states, the District of Colum- ' 
bia, and Puerto Rico. Of the total of 
264 institutions reporting engineering 
related curriculums, 192 (or about 73%) | 
are publicly supported. 


Data on ECPD-Listed and Other 
Institutions Compared 


Basic Table 1 which accompanies this 
report contains data on total graduates 
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GRADUATES AND ENROLLMENT IN ENGINEERING-RELATED ORGANIZED OCCUPATIONAL 


(Number of graduates and total enrollment are for all curriculums of less than 4 years; 
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enrollment of first-time students is only for curriculums of 2 or more but less than 4 years) 


Graduates, Enrollment on or near October 1, 1958 
July 1, 1957 a 
thru Tirst-Ti 
State Institution June 30, 1958 Total Students ying 
Full- Part- 
Men Women Time Time 
Cal. City Col. of San Francisco 69 1 377 106 80 22 
Cal. Cogswell Poly. Col. 24 115 31 
Cal. Electronic Technical Inst. 280 30 172 
Cal. Northrop Inst. of Tech. 624 1,469 702 
Conn Hillyer Col. 91 296 241 124 58 
Conn State Tech. Inst. 52 147 777 103 44 
Die. Cap. Radio Engr. Inst. 200 125 151 110 105 
Ga. Southern Tech. Inst. 223 917 382 
Ill. Aeronautical Univ. 24 60 40 
Ill. Devry Tech. Inst. 1,184 1,898 627 386 
Ind. Lain Tech. Inst. 52 160 99 68 30 
Ind. Purdue Univ. 113 433} 1,042 191 
Ind. Valparaiso Tech. Inst. 144 305 125 
Mass. Franklin Tech. Inst. 81 239 43 155 43 
Mass. Wentworth Inst. 447 1,399 136 863 59 
Mo Central Tech. Inst. 206 627 75 48 
N. Y Acad. of Aeronautics 309 756 469 355 178 
N.Y Broome Tech. Community Col. 95 1 397 220 258 65 
N.Y, Mohawk Valley Tech. Inst. 109 1 302 2 292 2 
N.Y RCA Institutes Inc. 402 1,411 863 210 70 
N. Y. Rochester Inst. Technology 209 7 679 660 244 120 
N. Y Suny Ag. Tech. Alfred 124 521 248 
N.Y, Suny Ag. Tech. Canton 86 240 114 
Ohio Franklin Univ. 31 73 187 19 40 
Ohio Ohio Mechanics Inst. 97 300 176 
Ohio Sinclair Col. 17 104 79 71 18 
Ohio Univ. of Dayton 84 256 358 104 92 
Okla. Okla. St. U. Agric. App. Sci. 145 451 243 
Oreg. Oreg. Tech. Inst. 234 713 350 
Pa. Pa. State Univ. 425 1 1,645 1,017 
Pa. Spring Garden Inst. 90 165 90 
Tex. Univ. of Houston 22 449 471 
W. Va. | W. Va. Inst. of Tech. 6 65 9 44 
Wis. Milwaukee School of Engrg. 375 799 113 227 17 
Total ECPD 6,394 11 18,173 | 6,758 | 7,642 963 
Other U. S. Colleges 6,518 62 22,859 | 28,322 | 11,269 | 8,404 
All U. S. Colleges 12,912 73 41,032 | 35,080 | 18,911 | 9,367 
1-year programs data (1,844) | (2) | (2,247) | 4,041); | (> 


a 
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TABLE 4 


GRADUATES, BY SEX, FROM ENGINEERING-RELATED CURRICULUMS IN ECPD-ListEp AND 
OTHER Institutions, 1955-56, 1956-57, AND 1957-58 


Graduates 
No. of Schools 
Institution Total” Men Women 
1955-| 1956- | 1957-| 1955- 1956- 1957- | 1955- 1956- ©57- | 1955-| 1956-| 1957- 
56 57 58 56 57 58 56 57 58 56 57 58 
ECPD-Listed 31 | 34 34 | 5,656) 7,294 | 6,405] 5,639! 7,272 | 6,394) 17 22 | 
Other 171 | 215* | 230 | 6,086] 6,021*) 6,580] 6,023; 5,873*| 6,518} 63 | 148*| 62 
Total 202 | 249* | 264 /11,742 | 13,315*|12,985 111,662 | 13,145*/12,912| 80 | 170*| 73 
ECPD-Listed | 
as per cent 
of Total 15,3: | 13:7" 11205) | 34:8" | 49:3 | | 55:3* | 49:5 158 


* Corrects 1956-57 report to eliminate artisan level programs. 


and enrollments for each of 34 institu- 
tions * in which at least one curriculum 
was accredited by the Engineers’ Coun- 
cil for Professional Development, as of 
October 1958, a single line of lump- 
sum totals for the 230 institutions which 
conduct engineering-related curriculums, 
which were not so accredited, as well as 
a line showing total amounts for all U. S. 
colleges and a line which shows the parts 
of the total amounts which are graduates 
and enrollments in 1-year programs. 

Table 4 below is a brief summary of 
the part of Basic Table 1 dealing with 
graduations. It shows the relationships 
(among the engineering-related curric- 
ulums) between the institutions conduct- 
ing ECPD-accredited curriculums, and 
those which have no curriculums so ac- 
credited. For comparative purposes, 
1956 and 1957 data are also listed. 

It is significant that the ECPD-listed 
institutions continued to constitute an 
even lower per cent (12.9%) of the to- 
tal number of institutions conducting 


7 Tech Rep Division, Philco Corporation, 
Philadelphia, and Embry-Riddle Aeronaut- 
ical Institute, Miami, Florida, were not in- 
cluded in this survey even though both had 
ECPD-accredited curriculums at this time. 
In the case of the former, it did not meet 
all five of the criteria listed early in this 
article; the latter was not listed in Educa- 
tion Directory, 1958-59, Part 3—Higher 
Education, and so was not asked to fill out 
a questionnaire. 


engineering-related curriculums than in 
the previous years. They also reported 
a lesser per cent (49.3%) of all gradu- 
ates from this type of curriculum than 
reported in 1957, although there was a 
slight improvement over 1956 data. The 
ECPD-listed institutions again produced 
more graduates per institution than the 
institutions which did not have a cur- 
riculum accredited by ECPD. However, 
the average number of graduates per 
ECPD.-listed institution decreased by 
12.5% (from 215 to 188), whereas the 
average number of graduates from in- 
stitutions not so listed increased by 3.6% 
(from 28 to 29).8 


Table 5 provides a brief summary of 
the part of Basic Table 1 which deals | 


with enrollments. It shows the relation- 
ships (among the engineering-related 
curriculums) between the two groups 
of institutions as to enrollments. 


As in the previous reports, the rati) ~ 


of full-time enrollment in the ECPD- 


listed institutions to the total full-time 
enrollments in all institutions is not as | 


large as the ratio of graduates shown in 
Table 4. 
A sharp increase was noted in the re- 
ports of part-time enrollments in 1957 
8 The comparisons to 1957 are based on 
corrected data as they appear in the tables 
accompanying the present article. 


reads only the text of the 1957 report. 


They | 
may not be readily apparent to anyone who | 


TABLE 5 
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TABLE 5 


ENROLLMENT, TOTAL AND First-TIME, BY FULL-TIME AND PART-TIME, IN ENGINEERING-RELATED CURRICULUMS TWO OR MORE BUT LESS THAN 
Four YEARS IN LENGTH IN ECPD-ListTED AND OTHER INSTITUTIONS, 1956, 1957, AND 1958 


ENGINEERING TECHNICAL INSTITUTE 


First-Time Enrollment 


Part-Time 


1958 


963 
8,404 
9,367 


10.3 


1957 


2,959 


21.4* 


1956 


977 


9,669 | 10,848* 
10,646 | 13,807* 


9.2 


Full-Time 


1958 


7,642 
11,269 
18,911 


40.4 


1957 


7,474 
18,005* 


41.5* 


1956 


9,883 | 10,531* 


5,608 
15,491 
36.2 


<nrollment 


Total F 


Part-Time 


1958 


6,758 
28,322 
35,080 


19.3 


1957 


1956 


3,839 | 10,035 
25,124 | 36,239* 


15.3 


Full-Time 


1958 


22,859 | 21,285 | 26,204* 


41,032 


44.3 


18,173 


19,184 


17,312 | 20,884* 
32,498 | 40,068* 


46.8 


15,186 


47.9* 


| 
| 
| 
| 


No. of Schools 


34 
230 
264 


12.9 


19°7 


34 
215* 
249* 


1956 


31 
171 
202 


15.3 


Institution 


ECPD-Listed 


Other 
Total 


ECPD-Listed as Per cent 


of Total 


* Corrects 1957 report to eliminate artisan-level enrollments. 
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—somewhat less sharp when correction 
is made to eliminate artisan enrollments. 
Total part-time enrollment decreased 
somewhat in 1958. ECPD-listed institu- 
tions in 1958 enrolled one of five of all 
part-time students, compared to one of 
four in 1957 and one of seven in 1956. 

As far as first-time part-time enroll- 
ments are concerned, in 1958 ECPD- 
listed institutions enrolled one of ten of 
such students compared to one of five 
in 1957 and one of ten in 1956. 

The total full-time enrollment for the 
ECPD-listed institutions averages 535 
per school (564 in 1957, 490 in 1956), 
while for the other institutions the figure 
is 99 per school (97 in 1957, 101 in 
1956). Although ECPD-listed institu- 
tions enroll almost 100 fewer part-time 
students, 199 as compared to 295, the 
group of non-ECPD institutions enrolls 
about the same average of part-time stu- 
dents as it has each year of the survey, 
123. 

The average non-listed institution en- 
rolls 49 first-time students on a full-time 
basis; 37, part-time. Each year of this 
survey both of these averages have been 
lower than the previous year. The aver- 
age enrollment of first-time students at 
ECPD-listed institutions consists of 225 
full-time students and 28 part-time stu- 


dents. Part-time enrollees have fluc- 
tuated sharply: 32 in 1956, and 87 in 
1957. Full-time enrollment averages 


have mounted each year. 


Data on ECPD-Accredited and Other 
Curriculums Compared 


Basic Table 2 which accompanies this 
report contains data on graduates and 
enrollments in those curriculums ac- 
credited by the ECPD. Under each such 
curriculum appear the data for the par- 
ticular institutions which have accredita- 
tion in this individual curriculum. The 
total ECPD data are presented for each 
curriculum, as well as a lump-sum total 
for all other institutions which offer this 
curriculum, and, where appropriate, data 
on l-year programs appear in parenthe- 
ses. This has been done in recognition 
of the fact that the ECPD no longer ac- 
credits 1-year programs and in order to 
make more realistic comparisons between 
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Basic TABLE 2 


GRADUATES AND ENROLLMENT IN ENGINEERING-RELATED ORGANIZED OCCUPATIONAL 
CURRICULUMS BY CURRICULUM AND ECPD-ListEep INstituTION, 1958 


(Number of graduates and total enrollment are for all curriculums of less than 4 years; 
data on curriculums of at least 1 year but less than 2 years in length are listed 
parenthetically following each curriculum; enrollment of first-time students 
is only for curriculums of 2 or more but less than 4 years) 


Graduates Enrollment on or near October 1, 1958 
Curriculum and Institution Total 
Men Women Full- Part- Full- Part- - 
Time Time Time Time 
Aeronautical Curriculums 
Aircraft Design or Drafting 
Cal. Northrop Inst. of Tech. 191 = 691 — 505 —_ 
Il. Aeronautical Univ. 24 60 40 
N. Y. Academy of Aeronautics 98 — 218 208 94 91 
Total ECPD 313 — 969 208 639 91 
Other Institutions 41 _ 163 | 1,494 82 620 
*Total for U.S. 354 1,702 721 711 
Aircraft Maintenance 
Cal. Northrop Inst. of Tech. 433 = 778 _ 197 _ 
Mass. Wentworth Inst. 33 128 74 
N. Y. Academy of Aeronautics 204 — 321 261 157 87 
Total ECPD 670 —_ 1,227 261 428 87 
Other Institutions 259 — 1,186 287 414 120 
Total for U. S. 929 os 2,413 548 842 207 [ 
(1-year programs data) (574) 
Air Cond. Heatg. & Refrig. Curriculum i 
Ga. Southern Tech. Inst. 32 — Sf — 26 — | 
N.Y. S.U.N.Y. A. & T. Alfred 21 59 24 
N.Y. S.U.N.Y. A. & T. Canton 18 —_ 26 — 5 — | 
. Okla. Okla. State University 12 — 23 — 16 = 
Tex. University of Houston 6 78 57 
Wis. Milwaukee School of Engrg. 44 — 38 3 —- _ 
Total ECPD 133 — 281 60 71 _- 
Other Institutions 214 —- 442 591 199 146 
Total for U. S. 347 723 651 270 146 
(1-year programs data) (10) (114) 
Architectural & Civil Curriculums 
Architectural Technology 
Cal. City Col. of San Francisco 1 1 12 3 2 1 
Ind. Lain Tech. Inst. 15 — 61 29 27 7 
Mass. Wentworth Inst. 63 — 165 28 96 14 
Total ECPD 79 1 238 60 125 2 & 
Other Institutions 202 2 978 865 431 264 § 
Total for U. S. 281 3 1,216 925 556 286 
(1-year programs data) (39); — 


(28)| (220)} — | — 


* There are no 1-year curriculums in this technology. ze 
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Basic TABLE 2—Continued 


Curriculum and Institution 


ENGINEERING TECHNICAL INSTITUTE 
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Enrollment on or near October 1, 1958 


‘ol. SI—No. 9 
ONAL 
ober 1, 1958 
rst-Time 
students 
Part- 
Time 
5 — 
0 
4 91 
9 91 
2 620 
1 711 
7 87 
8 87 
+ 120 
2 207 

se] 
5 
gl = 
9 146 
10 146 
1 
7 7 
6 14 
25 2 
31 264 
56 286 


Building Construction 
Cal. City Col. of San Francisco 
Ga. Southern Tech. Inst. 
Ind. Purdue University 
Mass. Wentworth Inst. 
Ohio Ohio Mechanics Inst. 
Okla. Okla. State University 


Total ECPD 
Other Institutions 


Total for U.S. 
(1-year programs data) 


Civil Technology 
Ga. Southern Tech. Inst. 
Mass. Franklin Tech. Inst. 


Total ECPD 
Other Institutions 


Total for U. S. 
(1-year programs data) 


Structural Technology 
Cal. Cogswell Poly. Col. 
Oreg. Oreg. Tech. Inst. 


Total ECPD 
Other Institutions 


Total for U. S. 
(1-year programs data) 


Surveying 
Oreg. Oreg. Tech. Inst. 


Total ECPD 
Other Institutions 


Total for U. S. 
(1-year programs data) 


Chemical Curriculum 
Mass. Franklin Tech. Inst. 
N. Y. Broome Tech. Community Col. 
N.Y. Rochester Inst. Technology 
Ohio Ohio Mechanics Inst. 


Total ECPD 
Other Institutions 


Total for U. S. 


(1-year programs data) 


Graduates 
june 36, 1938 Total 
Men Women Full- Part- Full- Part- 
Time Time Time Time 
2 — 12 3 2 1 
31 84 31 
12 = 63 206 39 — 
= 97 69 
6 — 18 12 
114 — 318 209 181 1 
339 4 1,207 649 603 224 
453 4 1,525 858 784 225 
(9) (36)}  — 
19 196 96 
9 — 40 7 18 a 
28 _— 236 7 114 7 
143 1 605 602 373 152 
171 1 841 609 487 159 
(3) | == 
5 _ 21 — 7 — 
9 24 10 
14 45 17 
125 _ 307 731 150 199 
139 os 352 731 167 199 
19 41 21 
19 41 21 
19 _— 177 24 95 10 
38 _— 218 24 116 10 
— | — | 
5 — 16 Zz 13 2 
5 1 50 39 
15 7 92 1 32 _ 
32 8 181 3 100 y 
164 22 669 582 358 170 
196 30 850 585 458 172 
(4)| (2) — 


| 
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Basic TABLE 2—Continued 


Graduates 


Enrollment on or near October 1, 1958 


Curriculum and Institution %, Total 
Men | Women| Time | Time | ‘Time | Tine 
Electrical Curriculums 
Electrical, General 
Cal. City Col. of San Francisco 16 — 85 24 18 5 
Conn. State Tech. Inst. 13 — 52 300 39 13 
Ga. Southern Tech. Inst. 10 _— 72 — 41 _ 
Ind. Purdue University 6 _— 9 44 8 - 
Mass. Wentworth Inst. 42 _— 137 7 88 2 
N. Y. Broome Tech. Community Col. 60 — 177 160 108 40 
N. Y. Rochester Inst. Technology 56 227 3 74 
N.Y. S.U.N.Y. A. & T. Alfred 13 — 106 — 60 — 
N.Y. S.U.N.Y. A. & T. Canton 27 — 87 -— 49 — 
Ohio Ohio Mechanics Inst. 34 — 127 — 70 
Ohio Univ. of Dayton 6 — 14 30 6 10 
Okla. Okla. State University 15 = 36 — 11 
Pa. Pa. State University 157 — 729 — 488 a 
Pa. Spring Garden Inst. 25 — 60 = 30 — 
Tex. University of Houston — 26 47 
W. Va. W. Va. Inst. of Technology 5 — 38 ij 25 _ 
Wis. Milwaukee Schoo! of Engrg. 121 — 450 56 157 9 
Total ECPD 608 — 2,432 678 | 1,27 79 
Other Institutions 584 D 1,864 | 2,822 946 733 
Total for U.S. 1,192 2 4,296 | 3,500 | 2,218 812 
(1-year programs data) (142) (52) (214) 
Electronics, General 
Cal. City Col. of San Francisco 20 — 108 32 23 6 
Cal. Cogswell Poly. Col. 10 — 50 _— 16 _— 
Cal. Electronic Technical Inst. _— — 280 30 172 _— 
Conn. Hillyer Col. 61 — 296 155 124 58 
D.C. Cap Radio Engr. Inst. 200 — 125 151 110 105 
Ga. Southern Tech. Inst. 59 _ 246 — 105 _— 
Ill. Devry Tech. Inst. 941 — 1,770 341 386 — 
Ind. Valparaiso Tech. Inst. 59 —_ 201 = 125 — 
Mass. Franklin Tech. Inst. 29 — 75 26 47 26 
Mass. Wentworth Inst. 98 — 299 55 187 21 
Mo. Central Tech. Inst. 206 — 627 75 48 — 
N.Y. Mohawk Valley Tech. Inst. 60 — 178 1 170 1 
N. Y. RCA Institutes Inc. 402 — 1,411 863 210 70 
Oreg. Oreg. Tech. Inst. 40 — 165 86 
Pa. Spring Garden Inst. 25 — 30 —_ 30 = 
Tex. University of Houston 161 140 
Wis. Milwaukee School of Engrg. 57 -— 99 22 — — 
Total ECPD 2,270 — 6,121 | 1,891 |. 1,839 287 
Other Institutions 1,084 — 3,855 | 6,412 | 1,924 | 2,383 
Total for U. S. 3,354 — 9,976 | 8,303 | 3,763 | 2,670 
(1-year programs data) (648) a 


(1,076) | (1,540) — 
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Basic TABLE 2—Continued 
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Enrollment on or near October 1, 1958 


Graduates 
Curriculum and Institution 36, Total 
- Part- Full- - 
Mes Tine Time Time Time 
Radio & TV Technology 
Conn. Hillyer Col. 22 — 26 
Ind. Valparaiso Tech. Inst. 85 — 104 — = — 
N.Y. S.U.N.Y. A. & T. Alfred 23 — 80 — 40 —_ 
Ohio Franklin Univ. 27 — 53 98 13 16 
Okla. Okla. State University 25 — 68 = 40 — 
Total ECPD 182 — 305 124 93 16 
Other Institutions 602 4 1,349 | 1,963 433 347 
Total for U.S. 784 4 1,654 | 2,087 526 363 
(1-year programs data) (295) (177) (440) 
| 
Industrial Curriculum 
Ga. Southern Tech. Inst. 23 —_ 80 _— 17 — 
Ind. __ Lain Tech. Inst. 8 — 43 25 20 8 
Ind. Purdue University 11 — 16 246 8 _ 
Mass. Wentworth Inst. 16 —_ 29 5 14 + 
Ohio Univ. of Dayton 6 — 31 41 12 14 
Wis. | Milwaukee School of Engrg. 87 78 5 
Total ECPD 151 | — 277 322 71 26 
Other Institutions 245 2 875 1,634 568 421 
Total for U.S. 396 2 1,152 | 1,956 639 447 
(1-year programs data) (2) — (58) — — 
Mechanical Curriculums 
Diesel Technology | 
Mass. Wentworth Inst. 37 | — 70 10 40 | + 
N.Y. S.U.N.Y. A. & T. Alfred 1) 36 — | 18 — 
Okla. Okla. State University =] 
Tex. University of Houston 7 — 84 55 — — 
| 
Total ECPD 67 — 243 65 92 | 4 
Other Institutions 96 — 314 66 150 3 
**Total for U. S. 163 — 557 131 242 7 
Draiting and Machine Design 
Cal. City Col. of San Francisco 10 — 55 16 12 3 
Cal. Cogswell Poly. Col. 9 = 44 = 8 = 
Conn. State Tech. Inst. 22 — 51 277 32 19 
Ind. Purdue University 25 — 106 308 53 — 
Mass. Wentworth Inst. 35 103 60 
N.Y. S.U.N.Y. A. & T. Canton 27 97 43 
Ohio Univ. of Dayton 28 — 86 125 37 24 
Okla. Okla. State University 19 — 66 — 43 — 
Pa. Pa. State University 268 1 826 a 478 — 
Tex. Univ. of Houston 4 — 100 172 — — 
Total ECPD 447 1 1,534 898 766 46 
Other Institutions 448 1 1,810 | 1,733 918 411 
Total for U. S. 895 2 3,344 | 2,631 | 1,684 457 
(1-year programs data) (54)1 — (73) | (149)} — 


** There are no 1-year curriculums in this technology. 
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Graduates Enrollment on or near October 1, 1958 
Curriculum and Institution 4 Total 
Full. | Part- | Full- 
Men Women Time Time Time are 
Gas Turbine Technology 
Ga. Southern Tech. Inst. 12 _ 26 — 13 _ 
Total ECPD 12 26 13 
{Total for U. S. 12 26 13 
Mechanical, General 
Cal. City Col. of San Francisco 8 — Lb 13 9 2 
Ga. Southern Tech. Inst. 136 44 
Mass. ‘Franklin Tech. Inst. 15 — 28 8 20 8 
Mass. Wentworth Inst. 55 _— 145 31 82 14 
N.Y. Broome Tech. Community Col. 30 _ 105 60 60 25 
N. Y. Mohawk Valley Tech. Inst. 49 i 124 1 122 1 
N. Y. Rochester Inst. of Technology 66 a 212 51 76 _ 
N.Y. S.U.N.Y. A. & T. Alfred 22 106 46 
Ohio Ohio Mechanics Inst. 37 a 106 — 62 — 
Ohio Sinclair Col. 8 — 43 43 21 11 
Pa. Spring Garden Inst. 15 _— 20 = 10 — 
Total ECPD 342 1 1,069 207 552 61 
Other Institutions 747 1 1° | 881 
Total for U. S. 1,089 2 3,441 | 4,022 | 1,668 942 
(1-year programs data) (24) — (437) 
Tool and Die Design 
Conn. State Tech. Inst. 17 — 44 200 32 2 
Ind. Lain Tech. Inst. 29 a 56 45 21 15 
Mass. Wentworth Inst. 24 _ 66 —_ 39 
Ohio Sinclair Col. 9 _ 31 22 20 2 
Ohio Univ. of Dayton 8 — 22 32 10 9 
Total ECPD 87 — 219 299 122 38 
Other Institutions 166 aa 373 769 121 301 
: Total for U. S. =o) — 592 | 1,068 | 243 | 339 
(1-year programs data) (18) (70) 
Miscellaneous Curriculums 
Photographic Technology 
N. Y. Rochester Inst. of Technology 51 — 148 — 62 aa 
Total ECPD 31 148 62 
Other Institutions 20 — 78 7 53 3 
Total for U. S.t 71 _ 226 7 is 3 


t There are no 1-year curriculums in this technology. 
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Basic TABLE 2—Continued 


Graduates Enrollment on or near October 1, 1958 
Curriculum and Institution Total 
Full- Full- 
Women |. Time Time 
Fire Protection Technology 
Okla. Okla. State University 26 —_— 72 — 19 —_ 
Total ECPD 26 _- 72 19 
Other Institutions 
Total for U. S.f 26 — 72 —_— 19 — 
Total for ECPD Curriculums 5,645 11 15,982 | 5,292 | 6,597 767 
§Other Curriculums 7,267 62 | 25,050 | 29,788 | 12,314 | 8,600 
All Curriculums 12,912 73 41,032 | 35,080 -| 18,911 | 9,367 
|| (1-year curriculums totals) (1,844) (2) | (2,247) | (4,041) 


t There are no 1-year programs in this technology. 

§ These totals are greater than the sum of the totals for “other institutions’ shown under each 
curriculum because they include certain curriculums for which ECPD has accredited no institution. 

| 1-year curriculums data are included in totals of “all curriculums.” 


ECPD-listed and other institutions. Such 
comparisons can be made this time only 
in a limited way, but provide a basis for 
more detailed comparisons in later ar- 
ticles in this series. 

Since ECPD accredits individual cur- 
ticulums rather than institutions, the 
total figures for the ECPD-accredited 
curriculums in this table do not agree 
with the totals in Basic Table 1, which 
presents data covering all engineering- 
related curriculums in an_ institution 
which has any curriculum accredited. 
Thus, many institutions have some ac- 
credited curriculums and some non-ac- 
credited. Basic Table 1 gives’ a single 
set of totals for the entire institution, 
while Basic Table 2 gives data only for 
the accredited curriculums. 

Table 6 presents a brief summary of 
the part of Basic Table 2 dealing with 
graduations. It shows the relationship 
between the two groups of engineering- 
related curriculums. The total number 
of 1957-58 engineering-related graduates 
is the same as shown in Table 4, but a 
comparison of the ECPD line reported in 
lable 6 with the corresponding line in 
Table 4 shows that the number of 1957- 
58 graduates from ECPD-accredited cur- 


riculums is close to nine-tenths as large 
as the number coming from ECPD-listed 
institutions. In previous surveys only 
about two-thirds of the graduates of 
ECPD-listed institutions had completed 
ECPD.-accredited curriculums. This in- 
dicates that the number of graduates 
from ECPD-listed institutions who did 
not complete an ECPD-accredited cur- 
riculum has dwindled from one of three 
to one of ten since the survey began. 
It will also be noted from Table 6 that 
the per cent of total engineering-related 
graduates which are represented by grad- 
uates from ECPD-accredited curriculums 
has increased each succeeding year of 
the survey by more than 5% over the 
previous year. 

_ Tables 7 and 8 present brief sum- 
maries of the part of Basic Table 2 deal- 
ing with enrollments. They show rela- 
tionships between the two groups of 
engineering-related curriculums. For 
comparison purposes, 1956 and 1957 
data are also given. The total number 
of students enrolled is the same as shown 
in Table 5, but as in the case of the 
graduates, the numbers enrolled in ECPD- 
accredited curriculums are considerably 
smaller than the numbers shown in Ta- 
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TABLE 6 
GRADUATES, BY SEX, FROM ECPD-ACCREDITED AND OTHER ENGINEERING- RELATED 
Curricutums, 1955-56, 1956-57, 1957-58 
Graduates, July 1 through June 30 — 
Curriculums Total Men Women 
55-56] 1956-57] 1957-58] 1955-56] 1956-57| 1957-58) 1955-56] 1956-57] 1957- 
19 19 1955-56] 1956-57| 1957-58] 19 1 7| 1957-38 ECPD 
ECPD-Accredited 3,838 | 5,019 | 5,656 | 3,828 | 5,005 | 5,645| 10 | 14 | 1 rt 
0 
Other Engineering-Related | 7,904 | 8,296f} 7,329 | 7,834 | 8,140t| 7,267 | 70 | 156** | 62 ECPD 
2- or 3-year * * | 5,483| * * | 5,423/ * * 60 Tota 
1-year * * | 1,846! * * 11,844] * * 2 
Total Engineering-Related {11,742 |13,3157/12,985 |11,662 |13,1457/12,912 80 || 
2- or 3-year 9,103 |11,151 |11,139 | 9,029 |10,989 |11,068 | 74 | 162 71 
1-year 2,639 | 2,164 | 1,846 | 2,633 | 2,156 | 1,844/ 6 8 2 (This 
progr: 
ECPD-Accredited as This 
Per cent of Total ECPL 
Engineering-Related 32.7 | 37.77 | 43.6 | 32:8 | 38.47 | 43.7 | 12.5 | 8.2 | 152 other 
| 
cline | 
* Data not available for 1955-56 or 1956-57. ECPD then accredited some 1-year programs. At the 
t Corrects 1956-57 data to eliminate graduates from artisan-level programs. of pai 
both : 
ble 5 as being enrolled in ECPD-listed Thus, the data which can be used to| ECPL 
institutions. The respective ratios fol- compare enrollments in ECPD and non- Conct 
low. Total enrollment: full-time 88%, ECPD accredited curriculums are more onc 
part-time 78%; first-time enrollment: discrete than they would otherwise be. The 
full-time 89°%, part-time 80%. However, only limited comparisons can more 
Table 7 also presents data on enroll- be made in this report. It is evident that | Educz 
ments in l-year programs in recognition ECPD.-accredited curriculums have en- | stitute 
of the fact that ECPD no longer accredits rolled an increasingly larger proportion ~ gradu 
curriculums less than 2 years in length. of students with each year of the survey. | curric 
TABLE 7 
TotaL ENROLLMENTS, BY FULL-TIME AND PART-TIME, IN ECPD-ACCREDITED AND OTHER 
ENGINEERING- RELATED CURRICULUMS, ON OR NEAR OCTOBER 1, 1956, 1957, AND 1958 
Full-Time Enrollment | Part-Time Enrollment 
1958 | 1958 
Curriculums 
1956 | 1957 1956 | 1957 
Programs Programs | Programs 
ECPD-Accredited | 12,538 |15,591 a 15,982 | 2,861 | 4,246 = 5,292 { 
Other Engineering-Related | 19,960 |24,477* | 2,247 | 22,803 | 22,263 |31,993*) 4,041 | 25,747 | 
Total Engineering-Related | 32,498 |40,068* | 2,247 | 38,785 | 25,124 |36,239* | 4,041 | 31,039 4 
ECPD-Accredited as | 
Per Cent of Total | 4 
_* Corrects 1957 data to eliminate enrollees in artisan-level programs. 
** Since 1958 ECPD has not accredited 1-year programs. 
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First-TIME ENROLLMENTs, BY FULL-TIME AND PArt-TiMeE, IN ECPD-AccREDITED AND 


OTHER ENGINEERING-RELATED CURRICULUMS, ON OR NEAR OCTOBER 1, 1956, 
1957, AND 1958 


Full-Time Enrollment Part-Time Enrollment 
Curriculums 
1956 1957 1958: 1956 1957 1958 
ECPD-Accredited 4,440 6,111 6,597 785 2,333 767 
Other Engineering-Related 11,051 11,894* 12,314 9,861 11,474* 8,600 
Total Engineering-Related 15,491 | 18,005* | 18,911 | 10,646 | 13,807* | 9,367 
ECPD-Accredited as Per Cent of 
Total Engineering-Related 28.7 KS 34.9 7.4 16.9* 8.2 


* Corrects 1957 data to eliminate enrollees in artisan-level programs. 


(This would be true, too, even if 1-year 
program enrollments were included.) 
This is in contrast to enrollments in 
ECPD-listed institutions compared with 
other institutions, which showed a de- 
cline from the 1957 to the 1958 survey. 


_ At the same time, first-time enrollments 


of part-time students showed a decline 
both in ECPD-listed institutions and in 
ECPD-accredited curriculums. 


Concluding Comment 


The data in this report, and in the 
more inclusive report of the Office of 
Education from which it is drawn, con- 
stitute “snapshots” of enrollments and 
graduations in organized occupational 
curriculums during 1958. Such a “snap- 


shot” has value in and of itself, but its 
greatest usefulness will undoubtedly be 
as one of a series of comparable reports 
from which trends can be determined. 

It certainly should be obvious that 
three points on a curve may suggest a 
certain trend. This third study has 
made it possible for us to see changes 
from 1956 to 1957, and from 1957 to 
1958, but whether there is a trend or a 
temporary fluctuation will need to be 
determined on the basis of the returns 
secured in succeeding years. Each year 
that the study is repeated with compa- 
rable reporting the validity of the inter- 
pretation will be increased. This study, 
therefore, will have increasingly impor- 
tant manpower implications. 
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Mathematical Requirements in Industrial Engineering 


ROBERT W. LLEWELLYN 


Associate Professor of Industrial Engineering 
North Carolina State College 


This paper will discuss the topic of 
mathematical requirements in industrial 
engineering because I believe that, along 
with the topic of statistics, it is the most 
important issue in industrial engineering 
today. I intend to justify the inclusion 
of more mathematics in our field first and 
then briefly indicate which fields of math- 
ematics should be of primary concern to 
the industrial engineer. I intend to re- 
strict my remarks to the decision making 
area of industrial engineering, as op- 
posed to the process engineering area, 
because of my limited experience in this 
latter portion of our field. 

Industrial engineering can now boast 
of a rather long history, considering that 
the technology of our times is subject to 
rapid change. As one looks back over 
that history, however, he cannot help but 
obtain the impression that the tools de- 
veloped by Taylor, Gantt, Emerson, the 
Gilbreths and their contemporaries were 
rather crude, even if a major advance in 
comparison to previous practices. Until 
the advent of operations research, engi- 
neering economy (largely dependent on 
high school algebra) and statistical qual- 
ity control (dependent only on the most 
elementary statistics) were the major 
areas of industrial engineering in which 
we used any mathematical or statistical 
analysis of any importance. Even these 
were usually taught as cookbook courses 
with most of the factors being taken from 
tables rather than obtained by calcula- 
tion. About the only use of the calculus 
in years gone by was the derivation of 
economic lot size formulas. Any other 
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uses of the calculus would consist of spe- 


cial topics of interest to a particular in. | 


structor. 

When operations research turned its 
attention to industrial applications, it 
soon encountered problems which were 
in the area traditionally the province of 
industrial engineers. 


opposite end of the scale. 
operations researchers were mathemat- 
cians, or statisticians or scientists from 
various disciplines well versed in the use 
of mathematics and statistics in analyz- 
ing complex problems. 
exceeded even their hopes and astounded 


engineering approach. 


Three Groups in 1.E. 


The result has been interesting. Pres: | 
ent industrial engineering curricula may | 
One 
is the type which is, for all practical pur- — 


be categorized into three groups. 


poses, operations research rather than in- 
dustrial engineering. 


schedule, and has included some of the 
basic, elementary results of the opera- 
tions research approach to date. A third 
group, now rather small, is still operating 
untainted by any inclusion of operations 
research techniques. 


The first group, in which operations E 
research is now dominant, has, in my — 
opinion, deviated too far from our nor | 


The | 


mal role in the industrial scheme. 


industrial engineering function is an e — 
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The operations re- | 
search approach was, however, from the | 
Many of the | 


Their successes © 
our du 
many of us who had applied cruder ap- | 
proaches to the same problems. It is cer- | 
tainly not a remarkable fact that many ; 
of us soon came to feel that we had been — 
remiss in our obligations and should at- | 
tempt to incorporate some of the opera- © 
tions research ideas into the industrial 


A second group | 
has continued to teach most of the older _ 
techniques, perhaps on a condensed time — 
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sential one in modern manufacturing and 
one that should be staffed by well qual- 
ified and well trained men. It is impos- 
sible to teach operations research, what- 
ever the title of the curriculum, in an 
undergraduate program. So much math- 
ematics is needed that the longer ex- 
posure of graduate study is an absolute 
necessity. If operations research is 
taught under the guise of industrial engi- 
neering, the students will be so oriented 
towards the mathematical approach that 
they will not desire to join industrial en- 
gineering staffs where the range of po- 
tential problems is limited to a depart- 
ment or a plant and where non-mathe- 
matical methods are still prevalent for a 
variety of reasons. 

On the other hand, the third group, 
by failing to recognize the value of the 
operations research approach at all, is 


ignoring great potential advantages. 


Where proven techniques are available 
to provide more accurate solutions to 


_ operating or planning problems, we, as 


industrial engineers, are doing less than 


our duty if we fail to inform the students 
_ in our charge of better methods of analy- 
sis. Thus, I feel that the third group is 


in the most defenseless position of the 
three. 

The middle group has, in my opinion, 
followed the most logical road. We, and 
I include North Carolina State College 
in this group, try not only to teach the 
older techniques but to supplement this 
with newer methods based on the results 
to date of the operations research ap- 
proach. Although we, at N. C. State, 
use one of the texts on elementary opera- 
tions research methods, we attempt to 
relate the material to the areas studied 
earlier with the older techniques. We 
call our course Industrial Engineering 
Analysis in an attempt to make clear that 
we are not interested in turning the stu- 
dents away from our field and into an- 
other but instead are attempting to bor- 
row, steal, plagiarize, buy, rent or other- 
wise obtain from any source whatsoever, 
techniques that are useful in the indus- 
trial engineering area. 

Speaking of industrial engineering edu- 
cation in general, it is my opinion that 
the approach that the second group is at- 
tempting has some problems associated 
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with it, the greatest being the lack of 
stability. Suppose a department now 
teaching the older techniques only de- 
sires to move into the second group 
where an attempt will be made to apply 
certain operations research results to in- 
dustrial engineering. The typical situa- 
tion will be that most of the staff are 
older men who find it almost impossible 
to learn the new techniques themselves. 
The only way to get the program started 
is to employ a few new staff members 
who can teach the new courses and per- 
haps a few graduate courses as well. 
After they are in the department, it will 
soon be obvious to the older staff men 
that in terms of degrees and publications 
and from a standpoint of research and 
graduate teaching activities, they are not 
as highly regarded at promotion time as 
are the newer men. Also, some of the 
older staff may never be sold on the 
analytical approach, industrial engineers 
as a class not being excluded from the 
phenomenon of resistance to change. 
Hence, discontent may grow with older 
members leaving for other methods of 
completing their careers, their replace- 
ments coming from the newer generation 
of industrial engineers. If the depart- 
ment head pushes operations research 
too hard and if most of the newer men 
have a disdain for time study, job evalua- 
tion, the practical realities of plant lay- 
out, etc., the department may easily go 
all the way to an operations research ac- 
tivity in a span of a few years. This rep- 
resents abandonment of industrial engi- 
neering to graduates of industrial man- 
agement and like curricula. 

It is undoubtedly true that even in the 
second group, many of the courses of- 
fered in the graduate program will have 
a strong operations research flavor. There 
is nothing wrong with this. In fact, until 
operations research came along, there 
were few areas of industrial engineering 
where courses of true graduate caliber 
could be developed. It is also true that 
much of the research in industrial engi- 
neering will tend to be closely allied with 
operations research as we try to improve 
the results of previous investigators, 
whatever their background, and develop 
models of maximum use to industrial en- 
gineers. 


744 


Relations with Operations Research 


One question that comes up over and 
over is the relationship between the op- 
erations research-oriented industrial en- 
gineer and the true, pure operations re- 


searcher. Having been involved in about. 


two discussions on this question per week 
for the last two years, I have gradually 
formulated an answer in my own mind. 
It consists of several parts. 

1. The industrial engineer has tradi- 
tional responsibilities, in any given plant, 
which call for him to restrict his atten- 
tion to certain operating problems and 
at the same time exercise continual sur- 
veillance over this area. This is true in 
spite of the fact that he is in a staff posi- 
tion and that he will occasionally be as- 
signed projects outside this assigned area. 
The operations researcher, on the other 
hand, is more likely to work exclusively 
on a project basis. 

2. As a consequence of the first point, 
the industrial engineer must make some 
recommendation on every problem aris- 
ing in this area of responsibility, whether 
a mathematical model can be constructed 
as a guide or not. On the other hand, 
the operations researcher is not usually 
assigned to a project unless there is rea- 
sonable hope that a mathematical model 
can be constructed which will aproximate 
an optimum to some criteria in the face 
of realistic restrictions. Once assigned 
to a problem, the operations researcher 
is more likely to be unhampered by other 
duties of a pressing nature. 

3. Since the industrial engineer has a 
responsibility close to the operating level, 
as compared to the operations researcher, 
he is more likely to become involved in 
problems on which recommendations 
must be made within a time interval so 
short that neither extensive analysis nor 
data-gathering are possible. 

4. The true operations researcher must 
always be careful to have an open mind 
on new problems and be prepared to 
undertake original mathematical devel- 
opment on any problem which does not 
fit an existing model. On the other hand, 
the industrial engineer should not be ex- 
pected to have the degree of mathe- 
matical proficiency to do this. His re- 
sponsibility should be limited to a thor- 
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ough understanding of useful, practical 
models, including how to make minor 


modifications to fit particular circum. | 


stances. 

As a consequence of these points, the 
industrial engineer should complement 
the operations researcher in a company, 
and vice versa, rather than be in opposi- 
tion. The industrial engineer should be 
able to solve the routine problems arising 
in his area. When problems arise be- 
yond the scope of models available to 
him, he should seek the assistance of the 
operations researcher. I visualize opera- 
tions research backing up industrial engi- 
neering in the same manner that physics 
backs up electrical engineering. In ma- 
jor projects, of course, operations research 
may assume broader implications than 
mathematical and statistical analysis; it 


may be necessary to involve the full in- | 
terdisciplinary approach often used in © 


this field. 

I have observed two companies which 
tried to employ operations research per- 
sonnel as a separate staff when the indus. 
trial engineering staff was totally unin- 
formed of the new mathematical ap- 
proaches we are discussing, and I was 


impressed by the failure of the opera- | 
The | 
industrial engineer can hardly be ex- | 


tions research effort in both cases. 


pected to refer problems to the opera- 


tions research staff if he is unaware that | 
the latter staff can be of assistance. In- _ 
deed, he may not only misclassify prob- , 


lems, he may even fail to realize that 


they exist. The operations research per- | 


sonnel, on the other hand, were not suf- 


ficiently acquainted with operating prob- 
lems to find areas of application of their _ 
Industrial engineers 
and departmental supervisors alike were ~ 
unwilling to seek aid from the operations 


type of analysis. 


research staff because of fear that they 


would be revealing their lack of com- | 
petence and because of the distrust of | 


a potential rival for influence with man- 
agement. The final result of these points 
was that the problems and those who 
could solve them seldom met. Educat- 
ing industrial engineers in the basic op- 
erations research methods will, in the 
long run, in my opinion, be beneficial and 
stimulating to both fields. 
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practical } Mathematics in the Undergraduate 

ke minor Program 

By Engineering has traditionally employed pe 
oints, the mathematics which consists primarily of ‘ 
mplement | trigonometry, analytical geometry, col- 

company, | lege algebra and the differential and in- 

in opposi- tegral calculus. This amount of mathe- 

should be | matics has long been considered to be 

ms arising the absolute minimum for engineering 

arise be. | Work. Of late years, most engineering 

ailable to curricula have been modified to add dif- 

nce of the ferential equations to this minimum list. 

ize opera- For modern industrial engineering this is 

trial eng. | Bot enough, although it is still essential. 

at physics In contrast to our sister engineering 

In ma | felds, most of our new techniques do not 

on the calculus approach but rather 

ions than | ‘manate from the field of finite mathe- 

nalysis; it matics and/or statistics. We may define 


ne full in. Anite mathematics as consisting of set 
theory, symbolic logic, probability the- 


—_— ory, matrix algebra and the calculus of 
jes willl finite differences. 

As an example of the necessity for 
the infu | finite mathematics, we may consider 
ally will queuing theory. While the basic queu- 
atical Wal ing equations can be obtained from a 
ud Iw differential equations approach, a full 
he opti understanding of the subject requires its 
ses, Ta study as a topic of probability theory, 


_ specifically a stochastic process and even 


a Si _ more specifically, a Markov process. The 
ania” that | best starting point for this study is set 
ance. In| ‘ery, for probability notions can best 
sify prob. be understood as phenomena occurring 
alize that | sample spaces. To thoroughly under- 
earch pet stand the Markov process, a knowledge 
e not ann of matrix algebra is necessary to be able 
ting prob- § to efficiently treat the transition prob- 
of ther abilities. With this approach to queuing 
engineers theory, a thorough understanding can be 
like wal obtained of the basic phenomena even 
operations ‘ though in an undergraduate course one 
that they | cannot hope to proceed past the ele- 


mentary queuing models. 
listrust of | 4 Second example is linear program- 
with man | If one is to make full use of linear 
ese points | programming, he must be introduced to 
hose who the theory as well as the various algo- 
Educat rithms. Specifically, the dual theorems 
: ' and the revised simplex method should 
: basic oP | be covered and these are almost beyond 
ill, in the E understanding unless the presentation 
eficial and | from the beginning has been in terms of 
matrix algebra. 
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I am becoming increasingly convinced 
that the calculus of finite differences is a 
subject which we must fit into our cur- 
It is now necessary to devote 
several sessions to the concepts of dif- 
ferencing functions and solving difference 
equations in our senior Industrial Engi- 
neering Analysis course. This will be- 
come increasingly important in inventory 
control, replacement theory and queuing 
theory, as well as in other areas, as re- 
search extends these areas. 

Although I do not believe that state 
institutions, as a class, need apologize in 
any respect for the quality of engineer- 
ing education they provide, it seems to 
be true that private schools have been 
able to proceed fastest in the matter of 
insisting that the entering student be al- 
ready provided with a large share of his 
mathematics in high school. The state 
universities in my area of the country 
are finally moving on this and it will re- 
sult in much more effective engineering 
education. With differential equations 
completed within the sophomore year 
instead of during the junior year, greater 
flexibility of program planning is pos- 
sible. Also, strong students will be able 
to proceed further in mathematics during 
their undergraduate years. 

In summary, then, I would recom- 
mend mathematics through differential 
equations plus some work in the field of 
finite mathematics. In the finite mathe- 
matics course I would recommend three 
areas of emphasis: 1. set theory, leading 
up to an introduction to symbolic logic 
and probability theory from the stand- 
point of sample spaces; 2. matrix algebra 
including an introduction to vector 
spaces; 3. the calculus of finite differ- 
ences, including the solution of the sim- 
pler types of difference equations. The 
contrast throughout this third area should 
be with the corresponding problems as 
they occur with continuous functions. 

This material need not necessarily be 
a separate course and it may even be 
included as a part of the industrial engi- 
neering work. Advanced calculus would 
certainly be desirable to give the student 
a more complete background in the cal- 
culus area, but there are few four-year 
curricula which would not be thrown out 
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of balance by such an emphasis on math- 
ematics. The better students should be 
urged to take work in this area as a prel- 
ude to graduate study. The question 
which one should ask about the mathe- 
matics content of the curriculum is: Does 
this curriculum provide enough compe- 
tence in mathematics so that the gradu- 
ate will be able to read the literature in 
his field, particularly the Journal of the 
American Institute of Industrial Engi- 
neers? 


Math in Graduate Programs 


The requirements of mathematics in 
the typical graduate program in indus- 
trial engineering is another matter. We 
must first recognize that the graduate 
student may, in his specialized study, not 
wish to continue in the mathematical 
analysis field but may prefer a program 
in personnel relations or process engi- 
neering or work measurement. If so, he 
may be able to devise excellent programs 
in which there are no courses in mathe- 
matics. On the other hand, if he is inter- 
ested in the decision-making area or in 
operation planning, there is no limit to 
the extent of mathematics that may be 
justified. With the exception of courses 
specifically designed for graduate stu- 
dents in specific fields, he will find all 
advanced mathematics courses of inter- 
est. General courses such as Advanced 
Calculus, the Calculus of Variations, and 
Complex Variable Theory, for example, 
will be useful in many areas. If the grad- 
uate student is planning a career in re- 
search and teaching, several courses in 
pure mathematics, such as Topology, 
Abstract Algebra or Analysis would have 
my heartiest recommendation. There is, 
then, no upper bound on the mathemat- 
ical level that can be justified, although 
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the final program should contain reason! 
able balance. 

I will close with one final note. W: 
must find, working cooperatively with 
our departments of mathematics and pe. 
haps even with our public school sy. 
tems, methods of achieving greater com. ' 
prehension of mathematics. In my inst. 
tution, and I suspect in yours, the vag 
majority of students at, say, the senior 
level, have achieved considerable ability 
to compute from equations and consider. 
able ability to interpret equations ona. 
they have been derived, but little red) 
mathematical sense. In my senior course 
the biggest achievement was in this area 
in my opinion. For example, the impo. 
tance of the continuity assumptions in 
the calculus finally became clear to the 
students when studying the differencin 
of finite functions. By using probability 
notions, such as the simple one of e| 
pectation, in several different areas they 
finally began to think, to some extent, it’ 
probability terms. By the end of th! 
course, many of them were beginning ti 
exhibit an ability to formulate a problem 
mathematically and derive their ow 
equations. The progress in this direction’ 
was significant but not as large as T hope! 
to be able to induce in the future. Wher 
I think of the possibilities of the cours) 
if I had started with this degree of math- 
ematical thinking instead of almost putt) 
problem-to-formula matching, I am con) 
siderably disturbed, however. Some 
where along the line, our training it) 
mathematics and the engineering sc 
ences must be altered, perhaps by it 
creasing motivation through more chal 
lenging problems, that will result in th 
student realizing that mathematics i, 
after all, a language and is not neces 
sarily more difficult or abstract than the 
native language of another country. 
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Teacher Preparation 
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Regional Manager, Technical Education 
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We hear much these days of the 
urgency of, and necessity for, increased 
productivity in all phases of our indus- 
trial activity. The already defined prob- 
lems of the next decade facing our edu- 
cational institutions, their administrators, 
and the teaching staffs provide as much, 
if not more, demand for improved pro- 
ductivity in the educational sphere. I 
speak here not of numbers alone, but of 
the quality of the task to be accom- 
plished by what has become the largest 
occupational segment of our population. 

The first and to many the most im- 
portant conclusion of the Conservation of 
Human Resources Project in their studies 
of the ineffective soldier was the extent 
to which the present manpower situation 
is determined by the past. The actions 
we take—or do not take—today will mate- 
tially affect the state of our nation’s sci- 
entific and professional manpower a dec- 
ade or two from now. Moreover, the 
more highly specialized our society be- 
comes, the more dependent it is on 
highly educated personnel. 

In an educated society such as ours, 
education is capital investment, for on it 
rests the effectiveness and productivity 
of most other capital investment. Such 
capital investment cannot be postponed; 
time lost by postponement means edu- 
cated people and their contributions lost 
forever. 

But the cornerstone underlying the 
entire investment is the teacher. All the 
available statistics point to severe prob- 
lems ahead for the nation in providing 


Presented at the 22nd Annual Meet- 
ing, Rocky Mountain Section, ASEE, 
United States Air Force Academy, 
April 30, 1960. 


adequately qualified teachers in sufficient 
numbers at any point in the foreseeable 
future. Findings of the Research Divi- 
sion of the National Education Associa- 
tion, published in mid-1959, indicated a 
need for approximately 5,300 new full- 
time university, college and junior col- 
lege teachers in engineering, mathemat- 
ics and the physical sciences for the 
1960-61 school year. Of this number, 
3,000 represent replacements, estimated 
at 6%, while 2,300 are new additions to 
the teaching field. Over the eleven year 
span, from 1959 to 1970, the report 
shows that over 66,000 new teachers, re- 
placements and additions in these three 
fields alone will be needed. Where must 
they come from? Largely from the 
classes that you are teaching today, and 
from the classes that will be taught by 
you and your present students in the next 
several years. I believe we can all ap- 
preciate the effects that our actions to- 
day will have on our tomorrows. The 
problem of proper utilization of profes- 
sional personnel and the provision of the 
means for developing every element of 
potential in an individual are surely as 
important in the university scene as they 
are to us in industry. 


The Terms 


Every good engineering analysis be- 
gins with a definition of the problem 
and of terms. Before we can approach 
the problem of teacher preparation, I be- 
lieve we must have some understanding 
of what a teacher is and does. One of 
my colleagues defines a teacher as an op- 
portunist—hastening to add that this is 
an individual who creates the opportu- 
nity to learn. Though the teacher plays 
the principal role in imparting knowledge 
and nearly as great a role in fostering 
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comprehension, his role becomes less ap- 
parent, though more difficult, as the edu- 
cational objectives rise in order to ap- 
plication, analysis, synthesis, and evalua- 
tion. These higher levels require a more 
active participation on the part of the 
learner, if the objectives are to be met: 
The teacher must provide the situations 
within which the student will work, but 
the student assumes an increasing re- 
sponsibility for his educational achieve- 
ment. Thus, it is not alone sufficient 
that the teacher possess the subject 
knowledge; he must also be able to 
create a favorable environment and stu- 
dent attitudes, within the framework of 
which assimilation of the knowledge and 
the ability to put it to use can grow. 

I very much like the characterization 
of a teacher drawn by Professor Gilbert 
Highet in The Art of Teaching. In addi- 
tion to a knowledge of the subject, Profes- 
sor Highet says that the teacher must 
have a liking for his subject which is 
with enthusiasm transferred to the stu- 
dent. Furthermore, he deems it neces- 
sary that, for effective teaching, the 
teacher must like the students, and be 
genuinely interested in them to the ex- 
tent of knowing their individual char- 
acteristics. Only in this manner can he 
create a learning climate which is ap- 
propriate for each. We have recently, 
in our Company education classes, ex- 
perimented with some group dynamic 
theories which were designed to provide 
the instructors with a better understand- 
ing of their classes. Though the instruc- 
tors, men with purely technical back- 
grounds, were dubious at first, they soon 
admitted that the findings had provided 
them with insights into individual prob- 
lem situations from which they were able 
to improve the learning of these class 
members. 

Finally, Professor Highet says that a 
good teacher is an individual of excep- 
tionally wide and lively intellectual in- 
terests. Teachers must see more, think 
more, and understand more than the 
average man or woman in our society. I 
call this the requirement for an active 
mind, a mind which will continue to 
grow. More of this in a moment. 

Separate from the qualities of a good 
teacher, Professor Highet lists three nec- 


JOURNAL OF ENGINEERING EDUCATION 


Vol. $1—No, 9 


essary abilities which are, in relation ty 
what I have said earlier, almost self. 
apparent. 


ently remote facts; he must be a deter. 


mined person, for teaching requires 


determination to create a favorable learn. 
ing situation; thirdly, he must be gen. 


uinely kind. Learning cannot occur in | 


an atmosphere of dislike or suspicion 
from whatever source. 

I'm sure that we have given ample 
consideration to the intellectual abilities 


and characteristics of an individual when | 
we invest him with the responsibilities of 


teaching; I wonder, though, if we are 


giving due consideration to the develop. — 


ment of these other qualities and abilities 


which are so necessary to a favorable | 


learning environment. 


Changing Scene 

If there is one thing we may count on 
for the future in engineering, that one 
thing is change. 
come to be looked upon as the norm, and 
the absence of change is cause for alarm. 


The changing technologies, the changing © 


applications of the older technologies, and, 


in fact, the changing role of the engineer _ 
in modern society, have all placed greater 


demands upon the educational process 


through which his professional compe-_ 
tence and stature are attained, and with | 
resulting changes in that educational | 


process. 


It used to be considered that a man” 
could study for 4 or 5 years in an engi-_ 
neering college, graduate with the as | 
surance that he would find his work — 
much the same as he had been taught in 
school, and furthermore that it would af 
remain pretty much that way during most _ 


of his career. Now, it is pretty well rec- 


ognized that the 4 college years are but | 


the introduction to the 40 years of an 
engineering career. Dean McEachron 
of Case Institute has graphically illus 
trated this point in tracing the relation 


ships between science and engineering 


during the past century. 


A good teacher must have | 
a creative memory, to be able to demon. © 
strate the organic links between appar. | 


In fact, change has 


Though 50 years elapsed between the _ 
discovery by Michael Faraday of the 
basic laws of motor and generator be 
havior and their practical application by _ 
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Thomas A. Edison, the lead time be- 
tween scientific discovery and engineer- 
ing application was in our time reduced 
to the 2-year span between the announce- 
ment of artificial diamonds from the 
General Electric Research Laboratory 
and their production-line manufacture in 
an operating department. Even more 
recently, a missile guidance system was 
engineered with the assumption that one 
essential component not then available 
could and would be proven from scien- 
tific discovery before completion. More 
and more the engineer has found it nec- 
essary to maintain a close coupling with 
the scientist in order that the newest 
scientific discoveries be made useful to 
man. 

Recognition of these facts and trends 
made imperative a decision on the part 


_ of industry that continued technical edu- 


cation is an essential element of engi- 
neering work. Last year’s technology 
has been proven inadequate for today’s 
work. The young engineering student 
must be prepared for a professional way 
of life in which continued learning is 
integral with his ability to contribute. 
Otherwise, he will become obsolete along 
with his early designs. 

Though engineering educators are con- 
cerned with the preparation of teachers 
for academic institutions, we should not 
lose sight of the fact that teachers are to 
be found all throughout the realm of en- 
gineering work. Much of the continued 


_ learning will take place in industry, in 
_ courses of study sponsored by the pro- 


fessional societies, in working relation- 
ships, and on the job. In the broadest 
sense, then, a great amount of teacher 
preparation begins right in the classroom. 
Not only are you presently preparing 
teachers for your classrooms, but in the 
example you set today and the attitudes 
and habits you help to develop, you will 
be responsible for the quality of the non- 
academic teaching that the others will 
do in the fulfillment of that phase of their 
professional responsibility. 


_ Keeping Abreast 


This climate in the industrial sphere 
as two important and related implica- 
tions for the engineering teacher. First, 
he, himself, has no less an obligation for 


749 


updating, for continual self-development. 
No longer should one contemplate retir- 
ing to the teaching profession for a life 
of leisurely pace. One has to run hard 
to even stand still in these times. By 
keeping his class discussions and lectures 
in a current context, he sets a climate for 
the students in which they will develop 
the same necessary attitudes and habits. 
There are several ways in which the 
teacher can remain abreast in his field 
and as an engineer. One, of course, is 
through the growing amount of sponsored 
research that is found on university cam- 
puses today. Another is the opportunity 
that many have for industrial consulting 
work. You and I are aware of the pit- 
falls to be avoided in both of these activ- 
ities; however, if the individual recog- 
nizes and remains conscious of the rea- 
sons behind such work, he is more likely 
to engage in those activities which are 
a proper part of his own development 
plan. There is the opportunity for sum- 
mer industrial work, an activity which 
the Relations with Industry Division of 
ASEE has fostered for several years. You 
will recall the fourth annual tabulation 
of such opportunities in the January, 
1960 issue of the Journal of Engineering 
Education. 

One avenue for development of both 
teacher and teaching which I have long 
felt underdeveloped is that of a mech- 
anism for exchange of personnel between 
industry and the colleges. It is true that 
many faculty members spend sabbatical 
leaves in industrial work, but I am think- 
ing more in terms of one year or two at 
a stretch or perhaps a regular alternation. 
Moreover, I feel certain that there are a 
number of outstanding men in industry 
who would welcome the opportunity to 
enter teaching for a similar period in or- 
der to make available their more recently 
acquired knowledge and experience for 
the benefit of the educational process. I 
feel sure that better ways could be found 
to effect such exchanges to the mutual 
advantage of both parties. 

Keeping abreast will contribute to the 
solution in a second problem area of re- 
sponsibility for the teacher—that of what 
is important to teach in his courses and 
the college curricula. This problem has 
become acute in recent years because of 
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the increasing rate of technological 
change. The colleges have recognized 
that they must be preparing a man not 
solely for his first job, but also for work 
that does not yet exist and cannot yet be 
clearly defined. At the same time, the 
scope of an engineer’s assignment has in- 
creased; the magnitude and extent of the 
responsibilities in today’s projects are 
vastly greater than heretofore. Should 
we continue to maintain the traditional 
concentration in separate engineering dis- 
ciplines and the further specialization 
within the disciplines? 

We have noted earlier that much of 
the man’s later education and updating 
are his responsibility. But to do this, he 
must have a sound foundation on which 
to build. The design and teaching of a 
college curriculum which is adequate 
preparation for a full career under these 
conditions requires a breadth of view 
and understanding. One way to assure 
a balance is that of changing teacher as- 
signments—rotating teachers not only 
within their own chosen field, but 
through all department courses and per- 
haps even across departmental lines. 
One thing is clear in practice—real engi- 
neering problems do not come neatly 
packaged like the course descriptions in 
a college catalog. The boy who says, 
“I am an electronic engineer: I’m only 
concerned with the circuit design” is in 
for a big disappointment when he sees 
his equipment fail due to overheating, or 
fly apart in vibration and shock test. Or 
again, it is equally important that the 
aircraft armament and control systems 
designer understand the problems of sup- 
plying electric power from a jet engine 
as prime mover through a rotating elec- 
trical machine (a dirty word in the eyes 
of some today). 

Clifton Fadiman pointed out in a recent 
article on education in the “Saturday Re- 
view” that certain subjects were out- 
standing in their importance because of 
their generative power—the ability and 
characteristic they have for providing a 
basis for further knowledge. It is often- 
times easy to identify such generative 
subjects individually, but to choose such 
subjects in combination, and relate them 
in their order of importance, requires far 
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more than many years of teaching in one 
subject area. No longer is there a place 


in the curriculum for Professor Jones | 


course in reciprocating engine design 
simply because Professor Jones has al. 
ways taught that course to the senior 
class. 


in the area of synthesis of studies for en- 
gineering college curricula. 
certainly exists to further clarify what the 


requirements are for a sound foundation - 


to an engineering career. And, no doubt, | 
those requirements are themselves in a 
state of flux. One thing seems certain- 


the schools will, to an increasing extent, | 


concentrate on the fundamentals, mathe. 
matics and the basic and engineering sci. 


ences, leaving the specialized technol.” 
ogies and state of the art for industry to 


teach. There is ample evidence of healthy 


experimentation in a number of colleges, 


as we see engineering physics and engi- 


neering science curricula evolved. Yet,| 
in this trend, there is still a real danger 


that we will produce scientists and not 


engineers. Let us not forget the distinc.) 


tion: “Scientists make it known—Engi- 
neers make it work.” 


New Problems 


I'd like to talk for a moment about two” 
new problem areas that I believe wil 


confront teachers in the immediate year 
ahead. I believe there will be recogni. 


tion of the need for increased planning” 
in the educational world, not merely fa 


expanded physical plant, but in the edu: 


cational process as well, planning tha 
begins with a formulation of objective 
and goals for the institution, for the de! 
partment, for the teacher and for th 
student. I think it quite appropriate thi 
different schools might have different ob 


jectives for their education, which might 
vary, for example, with their origins ani 


heritage, their geographic location, aml 


There are real contributions to be made | 


The need 


the market for their graduates. It woul 
be highly advantageous for all concerel| 
to have these objectives in writing ford 
to be guided by in their decisions, st) 
dents as well as teacher and administrate: q 


Equally important to the Young Er 


gineering Teacher is a plan for his i 
dividual development. Experience 
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manpower development has shown the 
value of actual work assignments in in- 
dividual development; what courses he 
shall teach, what industrial work experi- 
ence he needs, to whom shall he look for 
guidance and counsel. Educational in- 
stitutions will, I am sure, find it neces- 
sary in the same manner as industry, to 
plan its manpower development care- 
fully, to ensure the development of all 
available potential, and to fully capitalize 
on it. 

In the actual teaching, I believe each 
course should have stated goals of ac- 
complishment by which both the stu- 
dents and the teacher are measured. 
Peter Drucker, a critical observer of our 
contemporary scene, in his book, Land- 
marks of Tomorrow, has commented on 
this point. After observing that educa- 
tion has traditionally, from an economic 
viewpoint, been classed as a luxury trade, 
one in which skill is not recognized in the 
monetary rewards, Mr. Drucker writes: 


“Teachers have differed from all other 
traditional luxury trades in one essential 
respect: there have been no performance 
standards. The reason is simple enough. 
The performance of a goldsmith or of a 
fur worker can be easily measured. But, 
how is a teacher’s performance to be meas- 
ured? When—now or twenty years later? 
By whom? And what constitutes good per- 
formance? Because we have never been 
able to answer these questions, there is no 
other field where mediocrity and incompe- 
tence are so patiently accepted, especially 
in secondary and higher education. The 
good teacher has always and everywhere been 
badly underpaid. But, the poor teacher, 
especially in higher education, is probably 
not only overpaid; he may cause loss far 
beyond his ‘direct cost,’ i.e., his salary. But 
how to tell the two apart, except by purely 
arbitrary, personal judgment?” 


He further observes that we need to 
know more about the teaching process 
than we now know, nor can we depend 
on high salaries alone to bring the most 
qualified people into teaching and keep 
them there. We shall need objective 
performance appraisals for teachers in 
their teaching work in the same sense as 
those measures we have developed for 
engineers, executives, and other profes- 
sionals, 


751 


These remarks have brought us into 
the area of measurements, the second of 
these new areas. For obviously the pur- 
pose of setting goals is to be able to 
measure, and to determine progress and 
the extent to which goals are or are not 
met. To achieve this better understand- 
ing of the educational process which Mr. 
Drucker deems essential, meaningful and 
reliable educational research will be re- 
quired. Higher education (with the pos- 
sible exception of the education field it- 
self) has in the past stood aloof from this 
activity. The problem of future teacher 
supply and student enrollment alone is 
ample reason for abandoning that earlier 
stand. We shall need to know the ef- 
fects of advanced degree study as a 
prerequisite for teaching, of class size, of 
personal contact vs. television images, 
the value of teaching machines, and 
others, on the educational process and 
the quality of the graduate. It is good 
to see reports in our society Journal of 
work already in progress, but a great 
deal more will be needed in years to 
come. It will require understanding and 
the cooperative participation of the en- 
gineering teachers themselves. The po- 
tential gains we, as a nation, cannot 
afford to pass by. 


Industry’s Contribution 


You are interested, I know, to learn 
where there are opportunities for indus- 
try to contribute to this endeavor. I be- 
lieve that close contacts between indus- 
try and the colleges through the chan- 
nels of sponsored research, professional 
and technical societies, the increased in- 
dustrial support of graduate study pro- 
grams, and meetings such as this one to- 
day, will provide a feedback of the needs 
of the engineering graduate in his work 
and the demands of that work on the 
knowledge acquired through formal prep- 
aration. Important to the teacher will 
be the assessment by industry of the in- 
tellectual abilities which he has devel- 
oped in the graduates, and whether these 
graduates have, in fact, the sound foun- 
dation for their continued self-develop- 
ment that is so essential. You will 


recognize the limitations imposed by 
proprietary requirements; but, in the 
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main, industry is vitally interested in as- 
suring itself and the nation of a con- 
tinued flow of well educated young men 
and women. To that end, it will con- 
tinue to make available information on 


new technologies, or advances which re- 


quire changed emphasis in the educa- 
tional program. The teachers must 
maintain an alertness to these develop- 
ments so that they can be effectively 
integrated while maintaining a sound 
curriculum. We will certainly want to 
maintain strong channels of communica- 
tion that we may continue to exchange 
viewpoints freely in full recognition of our 
mutual interests and interdependence. 

I have already mentioned the media 
through which engineering teachers can 
acquire experience in industry, and sug- 
gested a search for a new mechanism to 
provide an increased exchange of per- 
sonnel, 

Finally, I hope it is evident that the 
more stable elements of industry recog- 
nize full well their obligations and exer- 
cise self-imposed restraints with regard 
to men who have an inclination to teach. 
The fable of killing the goose that lays 
the golden eggs could well become real- 
ity were the supply of new teachers for 
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engineering faculties to be shut off. One 
vital portion of that supply is from indus. 
try—the man who has through industrial 
experience demonstrated his intellectual 
capabilities and develops a desire to 
teach. We, in our organization, can 
point with pride to the men we have 
“promoted” in this fashion. They num- 
ber at least three Deans of Engineering 
Schools, including the current President 
of the Society, Dean Teare, several de- 
partment heads, and uncounted others, 
Other industrial organizations can do 
likewise. This is healthy, and we hope 
it will continue in this fashion. 

If I can leave one thought with you, 
that one thought is that teacher prepara- 
tion is a continuing thing. Teaching re- 
quires a sustained intellectual activity to 
an extent greater than any other profes- 
sion. Preparation begins at least as early 
as in your classrooms and will continue 
throughout an entire professional career 
in industry as well as on a campus. We 
are all teachers in some sense—whether 
as parents, by actual position or by im- 
plicit means in other relationships. Let's 
not lose sight of the intangible but hu- 


man values that comprise this entity we | 


call a teacher. 


FORD GRANTS FOR GRADUATE EDUCATION 


A series of grants to strengthen and expand engineering education at the doctoral 


level in Southern universities has been announced by the Ford Foundation. They 
total $3,110,000 and will go to: 

Georgia Institute of Technology ................ $680,000 

North Carolina State ‘College: 760,000 


The grants are aimed particularly at upgrading and expanding engineering educa- 
tion at the doctoral level, since the doctor’s degree is considered essential for able 
engineering teachers and advanced research personnel. The four institutions receiving 
these grants award nearly all the doctoral degrees in engineering in the South. 

The funds will be used to hire new faculty members who are capable of teaching 
doctoral courses and guiding graduate students working on their doctoral theses; to aid 
the professional development of present faculty members, so that they may be better 


prepared for teaching at the doctoral level; to expand and improve graduate enroll- t nal j 
ment; to set up a general fund for the use of the institutions in developing doctoral __year. 
education in engineering; and to stimulate stronger and more lasting support for the ~ rs ' 

then 


faculty and graduate-student development at the institutions. 
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President 

eg The budget for 1961-62 and a revi- 
s can do Sion of the dues structure for institutional 
1 we hope | members occupied much of the time at 
‘ the February 8 meeting of the Execu- 
with you, | tive Board. Dues for such members 
. prepara. have not changed since 1946. Improved 
aching re- services and the increased cost of every- 
activity to thing is making an increase necessary. 
er profes. Also, the rate of growth of membership 
ist as early is inadequate to meet the mounting costs. 
ll continue The following newly elected Industrial 
nal career | Members are welcomed into the Society: 
apus. We | Allegheny Ludlum Steel Co. 

2—whether | American Electric Power Service Corp. 
or by im- | Buffalo Forge Co. 

ips. Lets | Burroughs Corp. 

le but hu- | Continental Can Co. 


entity we _ Gulf Research and Development Co. 

_ Joy Manufacturing Co. 

Koppers Co. 

_ Maytag Co. 

_ Pennsylvania Power and Light Co. 
Swift and Co. 

_ Westinghouse Air Brake Co. 

_ West Virginia Pulp and Paper Co. 


The “glad hand” also is extended to Mer- 
_ timack College and San Fernando Valley 
_ State College, newly elected Affiliate 
_ Membersand to the American Road Build- 
_ ers Association as an Associate Member. 
_ Adecision was made to invite junior col- 
__ leges and small liberal arts colleges with 
_ strong pre-engineering courses to join 
_ ASEE and participate in Section and 
_ Annual Meetings. Deans of engineering 


e doctoral 
on. They 


ing educa- 
1 for able 
receiving 


uth. _ and Section officers are asked to co- 
f teaching operate. 

ses; to aid | | What started out to be the best of the 
be better _ past six years for advertising in the Jour- 
ate enroll- nal is turning out to be “just another 
g doctoral year.” At first, the amount of advertis- 
ort for the — ing was about 15% ahead of last year, 


_ then it was about even, and for the spring 


What's Going on in ASEE 


A Narration of Major Actions of the Executive Board 
at its February 1961 Meeting 


months it looks as though it will be down 
15 to 20%. Next year, there will be a 
slight regrouping of material in the Jour- 
nal to increase the preferable location of 
advertising. 

The number of new members elected 
this year still lags behind the average for 
the past five years, and the magic number 
of 10,000 individual members might not 
be realized this year. Everyone is urged 
to cooperate with the institutional repre- 
sentatives working on membership. 

ECRC reports that its biennial Re- 
search Review will be available in May. 
The cost is $4.00 per copy. An order 
form is on page xv; order your copy now. 

A preliminary report on Divisional 
publications by Vice President Hall re- 
vealed up-coming plans for coordinating 
publications, their appearances, and costs 
—identifying all of them with ASEE and 
with each other. 

The offer of the Westinghouse Educa- 
tional Foundation to renew the George 
Westinghouse Teaching Award for the 
period 1962-64, inclusive, was approved. 
Appreciation also was expressed to the 
Foundation for financing the Invitational 
Conference on Faculty Utilization and 
making available its facilities for holding 
the conference. 

The Road to Graduate School is prov- 
ing to be a “best seller,” even though 
“its cost is free.” From one magazine 
publishing a short paragraph based on 
a news release, almost 1,000 individual 
orders from men in industry have been 
received! But Foundation support for 
printing and distribution of The Road 
and Teaching Tomorrow’s Engineers is 
no longer available. Additional funds 
will need to be sought. 
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LIST OF PUBLICATIONS 


American Society for Engineering Education 


University of Illinois ; Urbana, Illinois © 
1. Engineering Faculty Recruitment, Development, and Utilization ...... $ 0.25 
2. Engineering Enrollment and Faculty Requirement, 1957-67 .......... 5 F 
3. Engineering and Scientific Manpower Problems and 

4, Report on Evaluation of Engineering Education ................654: 5 
6. General Education in Engineering 5 
7. General Education In Engineering Curricula: Old Issues 

8. Manual of Graduate Study in Engineering 
9. Facilities and Opportunities for Graduate Study in Engineering ........ 25 § 

12. Improvement of Engineering Teaching 25 

14, Report of Committee on Engineering Education After the War ........ 25 

15. ECRC Research Review, 1961 (Old issues $2.00 per copy) ........... 4.00 

16. A Survey of Research in the Nation’s Engineering Colleges: 

Capabilities and Potentialities—July 1956 to June 1957 ............ 5 i 

17. An Engineer’s Library-Guide to the Profession 

18. Salaries and Income of Engineering Teachers (Joint Study of 
Engineers’ Joint Council and AGEE) 25 

19. Reoraiting Prectioes aad 10 

21. Problems and Potentialities of the Technical Institute ................ 25 © 


22. The Technical Institute in America (Order from McGraw-Hill Book Co.) 


23. Report on Engineering Education Exchange Mission to the Soviet Union . Be 


24, Dynamic Influence in Engineering Education 


A brochure explaining Individual Membership .................+.- free 


25. Let me Introduce You to the ASEE 


A brochure explaining Industrial Membership free 


26. Do You Need More High Quality Engineers? 
A brochure explaining ASEE’s Industrial Fellowship Plan .......... 


27. Journal of Engineering Education 


Single Copies, Except Yearbook-Directory 
28. Research Relations Between Engineering Educational Institutions and 
Industrial Organizations (Purchase from Superintendent of Documents, 
Washington 25, D. C., 25¢ each.) 
Notes—Quantity prices submitted on request. 
An additional charge of 10¢ per publication is made for foreign shipments. 
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Advanced Petroleum Reservoir Engineering 


Date: July 10-21, 1961 (Frequency- 

q Annually ) 

Objective: To present today’s practice 
with new and advanced reservoir con- 
cepts in petroleum reservoir engineering 

For: Petroleum engineers and teachers of 
petroleum engineering 

Fee: Registration—$225.00 per person, ex- 
cluding room and board 

; Address: Petroleum Engineering Depart- 

ment, Attention Dr. Wieland, The Uni- 

versity of Tulsa, Tulsa 4, Oklahoma 


American Society of Agricultural Engineers 


Date: Oct. 18-19 & 20, 1961 

Objective: Annual Regional Meeting to 
foster ASAE 

For: Educators, Business Firms, Farmers, 
Federal Agencies & Students who are 
interested in Agricultural Engineering 
Practices 

Limitations: Five NW States and Three 
NW Canadian Provinces 

Fee: Approximately $10.00 to $15.00 

Address: Boise Hotel, Boise, Idaho 


Beryllium Conference 


Date: Tentatively scheduled for Septem- 
ber 7-8, 1961 

Objective: Presentation of current informa- 
tion on research and progress in beryl- 
lium metallurgy 

For: Anyone interested 

Fee: $25.00 

Address: M. Berk, New York University, 
College of Engineering, New York 53, 
N.. 


Ceramics: Application of Dislocation Theory 


Date: July 31-August 11, 1961 

Objective: Present the background of dis- 
location theory and its direct applica- 
tions to ceramic materials to a group of 
qualified engineering faculty members 

For: College teachers in the fields of 
ceramics, metallurgy, and materials 
science 

Fee: NSF will pay $180.00 stipend per 
participant plus travel allowance to a 
maximum of $75.00 
ddress: Professor Richard M. Fulrath, 
268B Hearst Mining Building, Univer- 
sity of California, Berkeley 4, California 


College and University Short Courses and 
Conferences, 1961 


Chemical Physics of Non Metallic Crystals 


Date: August 28—September 1, 1961 

Objective: Conference for researchers in 
field 

Address: Technological Institute, North- 
western University 


Coatings Course for Architects, Painting 
Contractors and Maintenance Engineers 


Date: 10-14 July, 1961 (Annually) 

Objective: To introduce enrollees to latest 
developments in coatings, their proper- 
ties and applications 

For: Architects, painting contractors and 
maintenance engineers 

Limitations: 60 students 

Fee: $25.00 

Address: Dr. Wouter Bosch, Dept. of 
Chem. Eng. & Chem., M.S.M., Rolla, 
Mo. 


Communication Theory and Information 
Handling 


Date: June 19-30, 1961 

Objective: Coordinated presentation of 
modern development in the area of 
topic 

For: Any technically qualified person, 
whether from education or industry 

Fee: $250.00 except that educators are 
entitled to a special $125.00 institu- 
tional rate on request 

Address: Moore School of Electrical Engi- 
neering, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 


Electric Meter School 


Date: October, 1961 

For: Young engineers and meter men 

Fee: $9.00 

Address: College of Engineering, Univ. 
of Arkansas 


Electrical Contacts 


Date: June 11-16, 1961 

Objective: To offer theory and practice in 
electrical contacts including static con- 
tacts, sliding contacts, commutation, 
arcs, contact materials and contamina- 
tion 

For: Practicing engineers, physicists and 
research scientists; both new and old 
in the field 

Fee: $90.00 
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Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 

Electron Microscopy of Inorganic Materials 

Date: June 19-31, 1961; once only 


Objective: To teach basic ideas involved. 


in transmission electron microscopy 

For: Educators and others working with 
inorganic materials. 

Fee: $250.00; no stipend 

Address: Engineering and Sciences Exten- 
sion, University of California, Berkeley 
4, California 


Engineering Sciences, Summer Institute 


Date: June 26—August 4, 1961 

Objective: Strengthen engineering educa- 
tion in colleges not offering an engi- 
neering degree 

For: Physics and engineering teachers in 
pre-engineering jr. colleges and 3-2 
liberal arts colleges 

Fee: NSF stipend, dependency, and travel 
allowance—$25.00 per credit. For 
others—no registration fee 

Address: Prof. C. H. Coder, Director, 
Summer Institute in The Engineering 
Sciences, Bucknell University, Lewis- 
burg, Pa. 


Heat Transfer and Fluid Mechanics Institute 


Date: June 19, 20, 21 

Objective: Technical and scientific ad- 
vances in fluid mech., heat transfer 

For: Interested engineers and students 

Fee: $7.50 for membership and the pro- 
ceedings; $2.00 for students 

Address: Dr. R. C. Binder, School of En- 
gineering, University of Southern Cali- 
fornia, Los Angeles 7, Calif. 


Highway Engineering Conference, 
7th Annual 


Date: May 4 and 5, 1961 

Objective: To bring together members of 
the groups interested in design and con- 
struction of highways 

For: All interested in highways 

Fee: $5.00 (includes banquet) 

Address: Civil Engineering Department, 
New Mexico State University, Univer- 
sity Park, New Mexico 


Hydraulics Division Conference, ASCE 


Date: August 16-18, 1961 

Objective: Discussion of technical prob- 
lems in hydraulics (ground and surface 
water hydrology, hydrometeorology, hy- 
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draulics structures, sedimentation and 
hydromechanics ) 

For: Members and guests 

Fee: To be established 

Address: Prof. J. M. Robertson, Depart. 
ment of Theoretical and Applied Me. 
chanics, University of Illinois, Urbana, 
Illinois 


Industrial Applications of Radioactive 
Isotopes 


Date: July 17 to August 11, 1961, Uni- 
versity of Virginia, Charlottesville, Va. 

Objective: To encourage the usage of 
radioisotopes 

For: Interested persons in industry, re- 
search and teaching 

Limitations: Regional 

Fee: $150.00 

Address: Dr. James W. Cole, Jr., Box 
3697, University Station, Charlottes. 
ville, Va. 


Instrumentation Conference, Tenth Annual 


Date: November 3-4, 1961 

Objective: To keep people concerned 
abreast of the developments in the field 
of Instrumentation and its applications 
to process control 

For: Industry representatives and engi- 
neering educators and practicing engi- 
neers 

Fee: $6.00 


Address: School of Engineering, Louisiana — 
Polytechnic Institute, Box 255, Tech © 


Station, Ruston, Louisiana 


International Design Conference 


Date: June, 1961 

Objective: To stimulate and revitalize the 
attendees so that they can more effec- 
tively serve in these fields 

For: Designers, architects, artists, writers, 
scientists, engineers musicians, educa- 
tors, etc. 

Address: Aspen, Colorado 


International Symposium on Gas 
Chromatography 


Date: June 14-16, 1961 


Objective: To better acquaint engineers, | 
scientists and college faculty with new | 
techniques and theories in relation to 


the various gases 


For: Engineers, scientists, college faculty ~ 
Address: Dr. C. Fred Gumham, Prof. and 
Head, Chemical Engineering, 414 Olds — 
Hall, Michigan State University, East 


Lansing, Michigan 
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International Symposium on Microchemical 
Techniques 


Date: August 12-19, 1961 

Objective: To present new material and 
the interchange of technical information 
on instrumentation and new techniques 
of microchemistry 

For: All persons interested in microchem- 
ical techniques 

Fee: $15.00 

Address: Conference Center, The Penn- 
sylvania State University, University 
Park, Pa. 


Logic, Switching Systems, and Automata 


Date: June 5-16, 1961 (tentative) 

_ Objective: Coordinated presentation of 

i modern development in the area of 

topic 

For: Any technically qualified person, 
whether from education or industry 

Fee: $250.00, except that educators are 
entitled to a special $125.00 institu- 
tional rate on request 

Address: Moore School of Electrical En- 
gineering, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 


_ Materials, Summer Institute on Properties of 


Date: July 13—August 23, 1961 

Objective: Classroom and laboratory work 
at the graduate level in modern science 
of engineering materials 

For: College and university teachers of 
engineering 

Limitations: Total number—40 

Fee: National Science Foundation pays 
each participant $450.00 plus travel al- 
lowances plus dependents’ allowances 

Address: Dr. Glenn Murphy, 213 Marston 
Hall, Iowa State University, Ames, Icwa 


Mathematics and Engineering Sciences for 
Engineering Professors, NSF Summer 
Institute 


Date: June 6—August 5, 1960 

Objective: To train engineering teachers 
‘ in programming and problem solving 
4 on digital computers 

Limitations: Participants must be college 
: teachers of engineering in a recognized 
4 engineering school in the U. S. or its 


possessions with a minimum of two 
years’ college teaching in engineering 
subjects and must not have passed 45th 
birthday 

Fee: $675.00 for nine weeks 

Address: Dr. M. A. Nobles, Professor and 
Head, Dept. of Petroleum & Geological 
Engineering, Louisiana Polytechnic In- 
stitute, Ruston, Louisiana 
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Mechanics of the Solid State 


Date: June 11-23, 1961 

Objective: To provide a broad, up-to-date 
knowledge of material behavior in ma- 
chines, structures, and other engineer- 
ing devices 

For: Research engineers, designers, and 
materials scientists and engineers 

Fee: $175.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


Midwest Conference of Fluid and Solid 
Mechanics 


Date: September 6-8, 1961 

Objective: Presentation of new research 
and development work done in the 
fields of fluid and solid mechanics; to 
enable universities and industries to 
keep abreast of new research 

For: Engineers from both colleges and 


industries. These people will be scien- 
tifically inclined 
Fee: $15.00 


Address: Dr. Joachim E. Lay, 14 Olds 
Hall, Michigan State University, East 
Lansing, Michigan 

Missouri Valley Regional Foundry 
Conference 


Date: September 21-22, 1961 (Bien- 
nually ) 

Objective: Presentation of current foundry 
technology 


For: Management, engineers, educators 

Fee: $15.00 Registration (Does not in- 
clude housing) 

Address: Mo. Valley Reg. Foundry Conf., 
c/o Dept. of Met. Engr., Missouri 
School of Mines & Met., Rolla, Missouri 


Modern Radar Techniques 
Date: June 19-30, 1961 


Objective: Coordinated presentation of 
modern developments in the area of 
topic 

For: Any technically qualified person, 


whether from education or industry 

Fee: $250.00, except that educators are 
entitled to a special $125.00 institu- 
tional rate on request 

Address: Moore School of Electrical Engi- 
neering, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 

National Science Foundation Course 
Date: June 12—August 19, 1961 
Objective: Advancement of knowledge 


and improvement of teaching methods 
in engineering 
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For: College teachers 

Limitations: At least a Bachelor’s Degree 
from an accredited school in engineer- 
ing, science or mathematics, engaged 
in teaching at the collegiate level. 
Show need for the Institute 

Fee: A stipend of $750.00 will be granted 
to each participant with additional 
grants of $140.00 per dependent (max. 
4) 

Address: Professor M. Bottaccini, Depart- 
ment of Mechanical Engineering, The 
University of Arizona, Tucson, Arizona 


New Devices for Amplification and 

Switching 

Date: June 5-16, 1961 (tentative) 

Objective: Coordinated presentation of 
modern development in the area of 
topic 

For: Any technically qualified person, 
whether from education or industry 

Fee: $250.00, except that educators are 
entitled to a special $125.00 institu- 
tional rate on request 

Address: Moore School of Electrical En- 
gineering, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 


Nuclear Reactor Theory for Engineering 
Faculty 


Date: June 18—August 11, 1961 

Objective: To present topics at a suffi- 
ciently high level that the attendees 
will be able to organize and present a 
reactor theory course based on one of 
the advanced textbooks in that field 

For: Full-time staff members from institu- 
tions engaged in or developing nuclear 
programs and who have an understand- 
ing of introductory reactor theory at 
the level presented in previous basic 
ASEE-AEC summer institutes 

Fee: Funded by the Atomic Energy Com- 
mission 

Address: Nuclear Engineering Depart- 
ment, 231 Sackett Building, The Penn- 
sylvania State University, University 
Park, Pa. 


Operations Research: Inventory and 
Production Control 


Date: June 19-July 7, 1961; once only 

Objective: Application of operations re- 
search theory and techniques to prob- 
lems of inventory and production con- 
trol 

For: Educators; engineers in science and 
industry 

Fee: $500.00; no stipend 
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Address: Engineering and Sciences Exten. 
sion, University of California, Berkeley 
4, California 


Paint Short Course for Beginners 


Date: June 5-16, 1961 (Annually) 

Objective: To acquaint anyone with the 
chemistry and technology of coating 

For: Any interested party 

Limitations: 30 students 

Fee: $50.00 registration 

Address: Dr. Wouter Bosch. Dept. of 
Chem. Eng. & Chem. M.S.M., Rolla, 
Mo. 


Paint Short Course for High School 
Chemistry Teachers 


Date: 20-27 June, 1961 (Annually) 

Objective: To familiarize high schoo 
chemistry teachers with the chemistry 
and technology of coatings 

For: High school chemistry teachers 

Limitations: Teachers selected by the 
Federation of Societies for Paint Tech- 
nology 4 

Address: Dr. Wouter Bosch, Depart. of 
Chem. Eng. & Chem., M.S.M., Rolla, 
Mo. 


Petroleum Reservoir Engineering 


Date: June 5-16, 1961 (Frequency-an- | 
nually) 
Objective: Review of principles and prac- | 
tice of petroleum reservoir engineering 
For: Practicing petroleum engineers or 
teachers of the subject. Also geologist” 
and geological engineers 
Fee: $225.00 per person, excluding room — 
and board 
Address: Petroleum Engineering Depart 
ment, Attention Dr. Wieland, The Uni- 
versity of Tulsa, Tulsa 4, Oklahoma ~ 


Planning Aspects of Atomic Shelter 


Date: July 9-21, 1961 3 
Objective: Planning and preliminary de — 
sign aspects of buildings, shelters, ani _ 
facilities to resist the effects of nuclear 4 
weapons 
For: Architects and engineers (back 
ground or experience in nuclear eng: 
neering not required) 
Fee: $250.00 
Address: Engineering Seminars, Conte 
ence Center, The Pennsylvania State 
University, University Park, Pa. 4 


Date: August 23-25, 1961 
Objective: Plasma physics and magneto 
gasdynamics 
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For: University faculties and scientists, 
industry and national laboratories 

Fee: Nominal 

Address: Gas Dynamics Laboratory, North- 
western University, Evanston, Ill. 


Plastic Tooling Conference 


Date: June 15, 1961 
Address: Head, Conference Department, 
Memorial Center, Purdue University 


Polymer Chemistry Conference and 
Advanced Paint Refresher Seminar 


Date: July 17-28, 1961 (Annually) 

Objective: To acquaint students with the 
organic and physical chemistry of poly- 
mers, as used in the paint, fiber, plas- 
tics and rubber industries 

For: Chemists with some experience 

Limitations: 60 students 

Fee: $40.00 

Address: Dr. Wouter Bosch, Dept. of 
Chem. Eng. & Chem., M.S.M., Rolla, 
Mo. 


Process Dynamics and Control Workshop 


Date: June 19-30, 1961 

Objective: Introduction to chemical proc- 
ess dynamics, control and optimization 

For: Chemical, control, and systems en- 
gineers 

Fee: $250.00; Faculty $125.00 

Address: Dr. C. J. Huang, University of 
Houston, Houston 4, Texas 


Quality Control by Statistical Methods 


Date: Jan. 29, 1962 thru Feb. 8, 1962 

Objective: Provide education and training 
in use of statistical techniques in indus- 
trial quality control 

For: Quality control managers, industrial 
management, educators, etc. 

Fee: $125.00 per person—covers books, 
supplies and registration fees 

Address: University of Illinois, Dept. of 
Mech. and Ind. Engr., Urbana, IIl. 


R & D Management Development 


Date: June 25-30, 1961 

Objective: To develop management skills 
for engineers and scientists in super- 
vision 

For: Engineers, scientists, mathematicians, 
and others in a position of leadership in 
research and development organizations 

Fee: $95.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 

University, University Park, Pa. 
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Reactor Experimentation, AEC-ASEE 
Sponsored Summer Institute 


Date: August 21-September 15, 1961 
(tentative ) 

Objective: For engineering or science 
faculty who will have responsibility for 
planning or conducting research built 
around a nuclear reactor 

For: Applicants solicited by the AEC and 
selected by a committee of ASEE 

Limitations: Participants selected about 
February 16, 1961 

Fee: Fees paid by the AEC 

Address: J. W. Seyler, Asst. Secretary, 
— University of Illinois, Urbana, 
Ill. 


Refresher Course for Engineers 


Date: Starting January 9, 1962—Annually 

Objective: Review of statics, strength of 
materials, thermodynamics, fluid me- 
chanics, and dynamics 

For: Review to prepare engineers to take 
examination for professional engineer- 
ing registration 

Limitations: Area 

Fee: $26 for 12 meetings of 2% hours 

Address: Field Services Division, Western 
Michigan University, Kalamazoo, Mich- 
igan 


Short Course on Design of Experiments 


Date: June 6-16, 1961 
Address: Head; Conference Department, 
Memorial Center, Purdue University 


Short Course on Operations Research 
Methods 


Date: June 6-16, 1961 
Address: Head, Conference Department, 
Memorial Center, Purdue University 


Space Technology (Rockets), Summer 
Institute 


Date: June 26—August 5, 1961 

Objective: To supply to the engineering 
colleges of the nation, staff members, 
nvw deficient in numbers, who are in- 
formed in depth and detail on a spe- 
cialty which is vital to national survival 
and which has developed only within 
the last decade 

Limitations: 40 participants will be se- 
lected. Must have B.S. degree, equiv- 
alent of two years full-time college level 
teaching by July 1961. Math through 
ordinary diff. equatns 

Fee: No tuition 

Address: Mr. Lyman Nickel, Dept. of 

Aero Engineering, Stanford, California 
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Structural Aspects of Architectural 
Engineering 


Date: September 10-15, 1961 

Objective: To present up-to-date informa- 
tion on the analysis and design of struc- 
tural systems 

For: Engineers and architects involved in 
detailed design of structural systems of 
buildings 

Fee: $100.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


Structural Engineering Aspects of Atomic 
Shelter 


Date: July 23-August 4, 1961 

Objective: Principles of analysis and de- 
sign of structural systems and radiation 
shielding systems of buildings, shelters, 
and facilities to resist the effects of 
nuclear weapons 

For: Structural and architectural engineers 
(background or experience in nuclear 
engineering not required) 

Fee: $250.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


Summer Fluid Mechancis Institute 


Date: June 19-Aug. 11, 1961 

For: College teachers of fluid mechanics 
Limitations: 40 teachers—applications must 
fo be in by Feb. 15 

Be Address: Colorado State Univ., Fort Col- 
ee lins, Colorado 


Summer Institute 


Date: July 17—August 25, 1961 

For: Teachers of basic engineering sub- 
jects 

Fee: Stipend 450.00 plus travel paid by 
NSF 


Address: College of Engineering, Univer- 
sity of Arkansas 


Summer Institute in Engineering for College 
Teachers of Engineering—NSF 


Date: July 10 through August 18, 1961 

Objective: Transport -phenomena—matrix 
tensor methods—thermodynamics —sci- 
ence of materials 

For: Engineering educators 

Limitations: Nation wide 

Address: Prof, R. H. Seavy, Stevens Insti- 
tute of Technology, Hoboken, New 
Jersey 
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Summer Institute on Effective Teaching for 
Engineering Teachers 


Date: August 27-September 9, 1961 Fo 
Objective: To study and practice success. ' 
ful teaching procedures as applied to 
engineering subjects 
For: Young engineering teachers with one Fe 
to three years teaching experience and) Ad 
for mature engineering teachers with ! 
over 10 years’ experience 
Address: Otis E. Lancaster, George West- 
inghouse Professor of Engineering Edv- 
cation, 101 Hammond Building, The Da 


Pennsylvania State University, Univer| Ob 

sity Park, Pa. I 
Theoretical Aspects of ‘a 
Magnetohydrodynamics 
Date: August 13-18, 1961 ( 
Objective: A study of the fundamental | 1 
magnetohydrodynamic equations and Lir 
their applications to wave phenomena, i 


boundary layer phenomena, hydrody- Fe 
namic instabilities, and plasma propul- 
sion 

For: Engineers, physicists, and research © 
scientists interested in the theoretical 
aspects of the fluid dynamics of gaseous 


plasma 
Fee: $100.00 
Address: Engineering Seminars, Confer) 
ence Center, The Pennsylvania State 
University, University Park, Pa. 
Titanium Metallurgy Conference, | Th 
7th Annual Meeting ior co 
Date: September 11-12, 1961 is prc 
Objective: Convey information on current receiy 
research and progress in the technology _ ;ea] 
of titanium un 
For: Anyone interested hele 
Fee: $20.00 b g 
Address: M. Berk, New York University,” 
College of Engineering, New York 53, — Th 
N. Y. a stuc 
Betwe 
Tool Engineer’s Seminar credit 
Date: November 1961 (exact date to be! conce 
determined ) gineer 


Objective: To bring participation up fo 
date on recent developments = 
For: Engineers, managements, educators — th 
Fee: $10.00 (includes 2 days technical ing 
sessions and banquet) : 
Address: Engineering Extension Service, _ 
Box 245, State College, Mississippi 


Underwater Acoustics 
Date: June 18-23, 1961 


Objective: To furnish an understanding of _ 
the problems of underwater sound 


| 
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eration, transmission, and detection and 
the design of transducers 

For: Engineers and scientists concerned 
with research, development, and engi- 
neering in the field of underwater 
acoustics 

Fee: $100.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


Underwater Missile Engineering 


Date: June 18-30, 1961 

Objective: A classified seminar on the 
principles underlying the design syn- 
thesis of underwater guided missiles 

For: Engineers, scientists, naval officers, 
and administrators associated with un- 
derwater missile research and develop- 
ment 

Limitations: Attendance subject to secur- 
ity approval by the Navy 

Fee: $175.00 


What's Going on in ASEE 
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Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


Western Electronic Show and Convention 


Date: August 22-25, 1961 
Address: The Cow Palace, San Francisco, 
California 


Work Measurement 


Date: September 17-22, 1961 

Objective: To show how modern indus- 
trial engineering techniques—work sam- 
pling, queuing theory, statistical infer- 
ence, computer simulation—may be ap- 
plied to day-to-day manufacturing op- 
erations 

For: Industrial engineers and industrial 
engineering department heads 

Fee: $100.00 

Address: Engineering Seminars, Confer- 
ence Center, The Pennsylvania State 
University, University Park, Pa. 


(Continued from page 753) 


The visiting engineer program for jun- 


_ ior colleges and small liberal arts colleges 


is progressing slowly, but is being well 


received. The visitors, as a rule, get a 


real workout. And a sufficient number 


of unsolicited letters of appreciation are 
_ being received to indicate the plan should 


be continued. 
There also was much discussion about 
a study of graduate work in engineering. 


_ Between the off-campus problem, the ac- 


crediting problems of ECPD, the general 
concept of criteria, and the place of en- 
gineering design, there certainly is room 


_ for much work. There is the danger of 
other groups stepping in and doing some- 


thing if ASEE doesn’t soon “get on the 


ball.” 


sion Service, 
_emy of Engineers also -was considered. 


The establishment of a National Acad- 


The big question is whether it should be 
separate from the Academy of Sciences 
or whether the Engineering Division now 
in NAS should be strengthened to put it 
on a par with the scientists. No prefer- 
ence was indicated, but the Executive 
Board voted to push hard for immediate 
accomplishment of one or the other. 

The Executive Board voted to reaffirm 
ASEE’s previous stand against federal 
undergraduate scholarships and in favor 
of generous support of federal graduate 
fellowships. The American Council on 
Education requested its member societies 
to take a stand, because it has endorsed 
undergraduate scholarships and wished 
to be able to present a united front. 

The next meeting of the Executive 
Board was in Chicago, Illinois, on April 
7, 1961. 
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New Directions in Engineering Mechanics 


HENRY F. HRUBECKY 


Associate Professor, 
Department of Engineering Mechanics, 
University of Florida, Gainesville, Florida 


It is apparent to anyone in engineering 
education that the curriculum in recent 
years has undergone and is undergoing 
significant changes. Established notions 
of course content transmitted decade 
after decade from master to disciple are 
in question. More than a patch-quilt 
addition of courses, the rapid rate of sci- 
entific and engineering achievement has 
resulted in a complete re-evaluation of 
the philosophy and scope of the under- 
graduate program. 

One’s view of the engineer as being 
part scientist, part artist, remains un- 
changed, but the degree of emphasis of 
these parts and their mutual chronological 
development has changed. The basic 
purpose of one philosophy was to de- 
velop both of these parts into some har- 
monious whole, in which the matric- 
ulated student possessed some insight 
into the art and science of his profession. 
Time and new knowledge has brought 
about a reappraisal by engineering edu- 
cators and industrial management. Time 
and new knowledge has shifted the re- 
sponsibility for the scientific development 
of the engineer on the university, the 
art in its increasing complexity and the 
teaching of it on industry. 

The consequent state of flux arising in 
this era of transition, let alone being 
unavoidable, is a healthy one. Motivated 
by the desire to improve the traditional 
subject matter format, the engineering 
educator has focused close scrutiny on 
his subject matter, in a new light select- 
ing what is of fundamental significance 
and what is supporting or secondary. 
Recent years have indicated an ever- 
increasing percentage of students enter- 
ing graduate school. For those failing 
to do so this has become tantamount to 


Presented at the meeting of the 
American Society for Engineering 
Education, Southeastern Section, Co- 
lumbia, South Carolina, April 1960. 


self education in the advanced phases of 
the technology. Thus, inevitably the en- 
gineering educator must direct his efforts 
to the development of knowledge and 
their tools of analysis in a generalized 
perspective and presentation to best 
foster this future study. 

This transition is no less true than in 
the basic undergraduate engineering me- 
chanics curriculum which has had the 
time-honored division of its courses into 
statics, strength of materials, fluid me- 
chancis, and dynamics. The emphasis 
of application, though not restricted to, 
has been principally directed towards 
the interests of the civil engineer (hy- 
draulics, structures) in the first three 
mentioned courses and towards those of 
the mechanical engineer (linkage mech- 
anisms) in the last-mentioned. If it be 
agreed that mechanics is that branch of 
engineering that is concerned with the 
behavior of matter and its displacement 
and deformation under time-dependent 
or independent forces, then it is a study 
pertinent to all engineering disciplines 
without being specifically directed to any 
one. It is in this position, independent 
of the needs or dictates of any one pro- 
fessional discipline, that the direction of 
mechanics must logically develop. This 
is no less true at the undergraduate level 
than it has been at the graduate level. 

Concomitant with this transition in en- 
gineering mechanics has been the ever- 
increasing utilization of vector methods 
in the undergraduate courses. Of course, 
this approach is not new. In the past 
this tool of analysis was a matter of per- 
sonal predilection; the present trend has 
whole departments now employing or 
contemplating employment of vector 
methods. The primary but far more 
subtle and difficult aspect of the profes- 
sor’s task is to develop within the student 
the capability of analyzing in some sys- 
tematic manner the behavior of a phys- 
ical system in light of applicable prin- 
ciples. This facet of the student’s de- 
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velopment is still of basic importance. 
The nature of the mathematics used in 
describing the mathematical model of 
the physical system exists only in a sup- 
porting role. The justification for the 
employment of vector operations exists if 
affirmative answers to the following ques- 
tions can be given: 1. Does their use 
clarify the basic definitions, concepts, and 
analysis? 2. Is their use consistent with 
the mathematical maturity of the student? 

In the past all texts in engineering me- 
chanics introduced the student to some 
concept of a vector. In texts employing 
a scalar presentation, more often than 
not an incomplete version of the concept 
is given. The student fails to see the 
vector as a quantity subject to certain 
defined laws and operations and possess- 
ing properties analogous to the familiar 
scalar quantity. Nor is the fact made 
clear that these laws, properties, and 
operations concur with the mathematical 
model formulated of his physical system. 
Beyond the laws and operations govern- 
ing vector addition, the logical question 
whether other laws and operations exist 
may occur to only a few inquiring minds. 
Thus a powerful tool of analysis is shorn 
of its effectiveness at a stage where its 
simple and logical development would 
have contributed to better conceptual 
understanding. 

Clearly the concepts in statics are 
fewer than in dynamics, for example. 
The laws and operations governing vec- 
tor addition and multiplication are needed, 
and are not incompatible with the stu- 
dent’s background. Here vector employ- 
ment lends clarity to and differentiates 
between such concepts as the moment of 
a force with respect to a point and with 
respect to a line. A further illustration: 
the analysis of the “wrench” resultant of 
a general force-couple space system is 
simplified. In dynamics the instructor is 
immediately faced with the differentia- 
tion of the position vector. I believe 
most instructors will agree that it is in 
accurate concepts of linear and angular 
velocity and acceleration and their rep- 
resentation in various coordinate systems 
that students have considerable difficulty. 
Hazy notions of these continuously 
plague them in their study of kinetics. 
Misconceptions arise, such as, for exam- 
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ple, the representation of a finite rota. 
tion as a vector, which often leads to 
faulty views involving the motion of A 

lines. An 

Summarizing personal experiences and 
those of fellow colleagues some of the| WIL 
disadvantages and advantages involved | Asso 
in the utilization of vector methods in| yang 
statics and dynamics will now be con. 
sidered. 

In problem exercises involving two- | Profe 
dimensional behavior, the formulation of | Vane 
the problem in vector form may often 
be more laborious than the actual analy. 
sis involved, e.g., in multi-membered ; 
structural systems. In addition, often) 
because of previous unfamiliarity with | 518" 
vector algebra and calculus, the student 


may become so concerned with the vec. | " § 
tor operation involved that he loses sight | °° 
of the basic analysis. Thus it is advis- chan 
able to stress vector methods consistently derbi 
throughout a course in statics rather than! * K 
postpone their use to a later period when 6-ho 
the concepts become increasingly difficult. peter 


The major advantage of vector meth- 
ods is the clarity, accuracy, and succinct- As 
ness they lend to the definitions and 
concepts of mechanics. In addition, they | 
appeal to and are consistent with the 
visual-geometric perspective of engineers. | 
Furthermore, in space analysis two-di- 
mensional views extrapolated to three-_ 
dimensional behavior often may lead to | 
erroneous conclusions, especially in rigid- |; 
body dynamics. Contrary to what might | 
be expected, the relatively short time) 
needed to present the vector fundamen _ 
tals allows for greater course coverage. 
In view of this, time can be found to” 
properly balance the present, by some, 
repetitious problem drill conduction | ; 
courses with such additional topics rarely | 
covered as, states of equilibrium, energy | 
methods, statically indeterminate systems 
in statics; and in dynamics, variable mas _ 
systems and three-dimensional particle 
and rigid body systems, to cite a few. | 

It may be seen from a simple cursory 
examination of current literature in en 7 
gineering that the need for an under” 
standing of vector methods is necessary | 
on the part of the student for any future” 
advanced study, be it on a formal or at 
informal basis. 4 
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An Experiment in Teaching 


WILLIAM R. BAKER, JR. 


Associate Professor of Mechanical Engineering 
Vanderbilt University, Nashville, Tennessee 


DILLARD JACOBS 


Professor of Mechanical Engineering 
Vanderbilt University, Nashville, Tennessee 


We suppose most undergraduate en- 
gineering departments have a course de- 
signed to orient the student and to con- 
front him with the serious business of 
The 


chanical Engineering Department at Van- 
derbilt to help the student “grow up” 


rather than | Kinematics of Machinery, a 1-year, 


6-hour-per-week laboratory course given 
to sophomores. It serves as the initial 
contact between the student and the de- 
partment he has chosen to enter. 

As it is taught, it is the first course he 
has in college that causes him to change 


of facts to the analysis of physical prob- 
lems. Finally, by using one of the excel- 
lent new texts on the subject, which are 
far broader and more analytical than 
those available a decade ago, the student 


is introduced at the beginning to a 


short Gane fundamental study of much of the basis 


of mechanical engineering. 

We have required 2 co-requisites: In- 
troductory Physics as well as Integral 
Calculus and Differential Equations. 


ics and strength of materials, furnish the 


students other contacts with theory. 
Much use is made of newly learned 


the title of this article, part of the course 


» is devoted to driving home, by experi- 


an under 


ment and analysis, an important applica- 
tion of Newton’s Laws: of Motion. 
The experiment is presented about 


s necessary} Mid-year and consists of making a rather 


any future | thorough analysis of the performance of 


rmal or aly. 
Simple velocity-time data. 


the student’s own automobile based on 


765 


Newton’s Laws of Motion 


A “fifth wheel,” which consists of a 
yoke carrying a bicycle wheel coupled 
to a small direct-current tachometer 
generator is attached to the car’s rear 
bumper. The voltage output of the 
generator is recorded on a Brush time— 
base recorder carried in the car. The 
students first have the job of calibrating 
the voltage vs. speed. A test run con- 
sists of accelerating the car from a low 
speed to the legal speed limit and then 
coasting to about 20 miles per hour on 
a reasonably level stretch of road. Two 
runs are made in opposite directions to 
compensate for road and wind irregu- 
larities. Only one more bit of data is 
required: the mass of the car and oc- 
cupants. 

With his data recorded the student 
first replots the velocity vs. time data 
from the recorder chart onto rectangular 
coordinates and fairs in an average 
curve. Starting with the coasting data 
he differentiates this curve graphically 
to obtain the deceleration and multiplies 
by the mass to obtain the drag force. 
Data pertaining to acceleration is manip- 
ulated in the same way to obtain the 
accelerating force component. The re- 
sults may now be put together to yield 
curves of drag, accelerating and total 
horsepower vs. car speed; also force 
and/or torque vs. speed. 

The curve of drag force vs. speed 
lends itself nicely to a bit of mathemat- 
ical analysis that is well within the abil- 
ity of the student and serves to acquaint 
him with useful techniques. Plotted on 
logarithmic graph paper these data pro- 
duce a curve with a sharp knee while 
the two ends of the curve are asymptotic 
to straight lines. At low car speed the 
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drag force is nearly constant while at 
high speeds the asymptote has a slope 
of about 1.8 to 2.0. By deducting the 
apparent low speed drag from the or- 
dinate of the plotted curve and replot- 
ting, the curve can be separated into its 
asymptotes and the equation constants 
evaluated: Fz =a + bV" 

From the practical standpoint the crit- 
icism can be made that this method of 
testing ignores the rotational inertia of 
engine, gears, and wheels and thus gives 
values that are too low. This criticism 
is valid, especially for high performance 
automobiles, but the discrepancy is ex- 
plained to the students and serves to 
whet the imagination of some. A much 
more valid criticism is that in hilly coun- 
try and crowded highways real difficulty 
may be encountered in finding a suitable 
stretch of road for the test. 

Since it was first tried we have found 
the test to be an excellent coordinated 
teaching aid. The student learns some- 
thing about the performance of his own 
automobile, a machine which he often 
dearly loves. He must consider the re- 
lationship of force to mass and accelera- 
tion and of force to reaction. He must 
not confuse force with work or power. 
He learns how to take data, refine and 
manipulate the data, and determine in- 
teresting results. He learns useful tech- 
niques such as graphical differentiation 
and integration and the use of logarithmic 
graph paper for writing empirical equa- 
tions. The whole experience requires 
only 2 or 3 weeks in class but, together 
with other subjects taught in the course, 


MICHIGAN EXPANDS AT WILLOW RUN 


Under an agreement signed Feb. 9, The University of Michigan has acquittl 7 
156 acres of land and 37 buildings included in the Willow Run Air Force Statin 


it has an extremely maturing effect m 
the young student. 


This particular problem is presented) 
to the sophomore at a time when le! 


needs and appreciates this coordination 


of the sciences and arts of engineering | 
The insight gained in this relatively e.| 


tensive combination of experiment and 


application of mathematical thought) 


nearly always gives the student added 
vigor and sparks his intellectual curiosity 
in the work that follows. The ability t 


provide an engineering answer and ti 


be able to extend his knowledge of sci-| 
ence in this direction has a profount) 


effect in succeeding class debates about 
automobile performance. 


Since the problem is followed by the 


conventional study of gears and the 
broader area of computing elements ani 
systems, it is believed that the role o 


the new Kinematics need not be ques) 


tioned but that a more suitable name 


might be adopted for the course. May_ 


we suggest: 


Elements of Mechanical Engineering 


Systems 
Mechanical Engineering Operations 


The Science and Art of Mechanicd) 


Engineering Analysis 


In the current reassessments of thi) 
field of study it is to be hoped tha) 
many of the advantages of the course it! 


teaching and orienting the student—fron 


his viewpoint—will not be overlooked) 
Certainly he should become familiar wit) 
those mechanical devices the human rat)” 
has spent thousands of years in discover) 


ing. 


and the Packard Hangar at Willow Run Airport. 

The land and buildings, acquired from the federal government, will be available) 
for educational activities of the U-M and will be used soon by the University’s Inst)” 
tute of Science and Technology. The agreement provides that the University cal 


acquire full title to the land and buildings provided full use is made of the facie 


over a period of 20 years. 


The Air Force Station area, occupied until Nov. 1, 1959 by the 30th Air Divisio . 


has 133 acres and 31 buildings ranging in size from 15,429 square feet to 16 squa 


feet. 
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a profound) A face lifting operation has been per- 

ebates about’ formed on the strength of materials 
laboratory course at the University of 

owed by the} Virginia with the amazing results that 

irs and the) students have shown not only interest, 


slements ani} but enthusiasm, in their work. This 


the role od/ “new look,” inaugurated in the fall of 

10t be ques! 1959, is the result of a radical change in 

itable nam! the philosophy of presenting laboratory 

course. May course material. The decision to make 

a complete departure from the conven- 

Engineering) tional and often uninspiring type of phys- 

_ ical testing exercises was reached after 

Operations | many attempts had been made to stim- 

~ Mechanicd| ulate interest in the course work by re- 

_ vising experiments, selecting different 

.| specimens, scheduling periodic quizzes, 

ents of thi! et. All of these attempts seemed to be 

hoped the ineffective as each succeeding class re- 

the course it! tained the same indifferent attitude to- 
tudent—fron 


ward their assignments and experiments 
as previous classes had demonstrated. 
Because much of the lecture course work 
taken currently by the students was fast 
moving, intellectually challenging, and 
made real demands upon their abilities, 
the laboratory course in comparison was 
further relegated to the position of some- 
thing to be endured if the diploma were 
| to be acquired. Thus, to compete with 
| the pace of the lecture courses and to 
_ encourage the students to continue to 
_ exercise their minds when in the labora- 
_ tory, it was decided to replace the rou- 
tine testing exercises and data sheet “re- 
ports” with project assignments which 


would require individual thought and 

» action on the part of each student. In 
Air Divisi - short, the strength of materials labora- 
to 16 sg _ tory course, as now conducted, empha- 


sizes the formulation and design of engi- 
_ neering experiments to provide data 


The New Look in Engineering Mechanics Laboratory 
Course Work at the University of Virginia 


which will assist in the solution of funda- 
mental engineering problems. 

With this objective in mind, the tech- 
nical aspects of conducting physical tests 
are regarded as a means to an end—that 
of producing desired data—rather than 
an end in itself. Thus, a minimum 
amount of time and instructional effort 
is devoted to the operation of equipment 
and the mechanics of performing tests. 
Instead, the capabilities and applications 
of the testing equipment and instruments 
are stressed in an effort to provide the 
student with definite knowledge of the 
tools he will have at his disposal to ap- 
ply to the solution of his problem. Fortu- 
nately, the testing laboratory is equipped 
with a variety of strain and load measur- 
ing devices in sufficient quantity that sev- 
eral testing procedures can be devised 
for attacking a given problem without 
undue equipment or facility restrictions. 

The objectives of the “new look” have 
been achieved to some degree over the 
past three semesters by developing imag- 
inative and realistic engineering projects 
to be solved by each student working ini- 
tially on his own and then jointly with 
other students. Considerable effort is 
taken to devise projects which will arouse 
the student’s curiosity by relating them 
to topics of current interest or to appeal- 
ing phases of his professional specialty. 
Usually, the project problems have no 
single, clear-cut solution, but may have 
several equally correct solutions. 

One of the more popular projects 
among the aeronautical engineering stu- 
dents is one requiring the recommenda- 
tion for the redesign of a support bracket 
for a guidance instrument mounted on 
the fuselage of an aircraft. Inspiration 
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for this project developed from the tragic 
crash of a commercial airliner a few miles 
from the University grounds. All of the 
students were well aware of this calamity 
as some had assisted in rescue operations. 
Since the cause of the crash was never 
determined conclusively, it did not re- 
quire much persuasion to convince the 
students that the fatigue failure of a 
structural member, identical to the one 
they were investigating, could well have 
been the reason the pilot failed to make 
a proper landing approach and struck a 
mountain miles off his course. The in- 
vestigations conducted in this particular 
project emphasized the effects of stress 
concentration and repeated stress re- 
versals upon aluminum. 

Another project which has been con- 
ducted enthusiastically by various engi- 
neering students is one requiring the 
investigation of material to support the 
base plate of a heavy forging machine. 
To provide an opportunity for delibera- 
tion upon alternate schemes of support- 
ing the machine, timber was specified as 
the material to be investigated. Need- 
less to say, the non-isotropic stress-strain 
characteristics of wood along with its 
susceptibility to humidity changes gave 
the students many variables to consider. 
A less involved project which has re- 
ceived favorable comment from the civil 
engineering students is one requir’ng the 
investigation of several unknown metallic 
materials to determine if their physical 
properties meet certain specification re- 
quirements for a stated structural ap- 
plication. The project is so devised that 
none of the materials meet all of the spe- 
cification requirements so that the stu- 
dent must weigh the deficiencies of the 
individual specimen against the perform- 
ance requirement and present a recom- 
mendation as to which material should 
be used in view of the known service 
conditions and the intent of the specifi- 
cations. 

The one-semester period devoted to 
the laboratory course usually enables the 
students to participate in five projects. 
An average of two weeks is spent on 
each project, but if more time is needed 
for the completion of an individual proj- 
ect, provision is made for a time exten- 
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sion. A “you are on your own” attitude 
practiced by the instructor encourages 
the student to set his own pace and to 
make him feel that he is responsible to 
himself as wel! as the instructor. Experi. 
ence of several semesters has indicated 
that the majority of the students working 
under this policy produced more and 
better work than previous students did 
who were held to a rigid assignment 
schedule. To be complete in this ob. 
servation and to be quite honest, there 
have been a small number of students 
who take advantage of the professional 
approach to the course and produce as 
little as they can get by with. However, 
this type of enrollee is invariably pres- 
ent in every class and will perform es. 
sentially the same regardless of the sys- 
tem under which he works. 


Procedures 


Since the project work is the heart of 
the “new look,” the reader will be in- 
terested in the procedural aspects of this 
portion of the course. At the first meet: 
ing of the class, the students are advised 
through instruction sheets that their pro- 
ect work will consist of the following 
three parts: 


1. A literature research and the prep- 


aration of a working plan for con- 7 
ducting the laboratory investiga- | 


tions associated with the problem. 


2. A compilation of experimental data | 


based upon physical tests performed 
by the students. 


3. An analysis of experimental data) 
and the preparation of an engineer 


ing report. 


Project assignments are made by pro- 
viding each student with a statement of 


the problem along with sketches and pet- 
tinent information which relates the topic | 


to a real situation (as in the case of the 
aircraft bracket problem). The week 


following a project assignment, the stu 


dent presents his written plan for the 
solution to his problem and defends it 
orally in a group conference with the 
instructor and several of his classmates 
who have received the same project as 
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iignment. The working plan, if it is a 
good one, will include an outlined pro- 
cedure for solving the problem with at- 
tention given to experimental data re- 
quired and the equipment and _ test 
set-up to provide the data. In addition, 
the plan will anticipate difficulties which 
may be encountered in obtaining experi- 
mental data or in interpreting the data 
once obtained. Alternate methods for 
performing tests are also commented 
upon with an evaluation of the reliability 
of the various approaches. The inclu- 
sion of detailed descriptions of specimen 


design, instruments, equipment, and test- 


ing procedures required is mandatory 
because it is from this working plan that 
the student must go directly into the 
testing phase of his project. If the stu- 
dent has not done a respectable amount 
of background reading on the various as- 
pects of his problem, he quite obviously 
will be embarrassed as he attempts to 
defend his plan before his classmates. 
Needless to say, student preparation for 
the second project conference is much 
better than it is for the first conference. 

The preparation of the working plan 
is probably the most valuable aspect of 
the entire project from a learning stand- 
point. The student must acquire infor- 
mation sometimes quite unrelated to his 
previous experiences on his own and 
must then formulate a logical approach 


fundamentals of engineering mechanics 
Prior completion of lec- 


It is in this phase of the 
project that the student more nearly 
achieves professional status than in any 


other. He works entirely on his own ini- 


tiative and at his own speed. Informal 


| conferences with his instructor may be 
' arranged during this period if desired, 
» but no collaboration with other students 
permitted. 


Upon the approval of a compromise 
working plan for the group (three or four 


_ Students must work together to provide 
‘sufficient personnel to perform the ex- 


perimental testing) specimens and equip- 
ment are provided and the tests are per- 
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formed. If properly organized, some 
tests may be completed in several hours; 
others, such as the fatigue investigations, 
require several weeks of intermittent 
tests. Though perhaps not as valuable 
from a creative consideration, the sudden 
realization that an idea for a test set up 
which looked good on paper was not at 
all workable when it had to be provided 
in a laboratory, gives the student an ap- 
preciation of some of the difficulties and 
practicable aspects of obtaining experi- 
mental verification of a theory. Also, it 
provides him with a better perspective 
when interpreting and applying experi- 
mental results of specific tests to gen- 
eralized concepts. As an example, one 
project involving the evaluation of fric- 
tion and bearing strength of a bolted 
joint gave the students a terrific amount 
of trouble trying to attach strain gages 
to the specimen in such a manner that 
they would measure only those strains 
desired or ones which could be accounted 
for analytically. Poor experimental re- 
sults in this case convinced the students 
that it is not always possible to obtain 
exactly the strain information that is de- 
sired, even in a relatively simple experi- 
ment such as they were conducting. 
The last phase of the project—data 
analysis and preparation of an engineer- 
ing report—provides the student with an 
opportunity to reflect upon the errors or 
inaccuracies in his original thinking when 
preparing his proposal and to express his 
experimental findings and thoughts in a 
formalized manner just as he will have to 
do a few years hence as a professional 
engineer. The requirements for the en- 
gineering reports are quite demanding 
but the student is encouraged to do his 
very best by exempting him from writing 
successive formal reports as soon as he 
submits one of superior quality. This 
incentive plan has resulted in consider- 
able effort being exerted by some stu- 
dents on their first several reports with 
the production of some excellent papers. 
A lengthy report necessarily results if it 
is complete with a presentation of the 
theoretical basis for the problem solution, 
experimental data and laboratory pro- 
cedures, interpretation of the experimen- 
tal findings as applied to the problem, 


| 
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conclusions, and recommendations for 
other approaches to a solution for the 
problem. Some of the students have 
submitted commendable documents—en- 
hanced with photographs of tests and 
specimens they made themselves—and 
seem to take more than ordinary pride 
in their accomplishment. The exemption 
policy was instituted to accompany the 
“new look” because it was felt that the 
opportunity for the students to apply the 
fundamentals acquired in their technical 
English course to a real situation should 
not go unheeded. Further, it was felt 
that once the student had demonstrated 
his ability to submit a creditable report, 
it was a misuse of his time to require that 
he continue to write lengthy and for- 
malized reports. Since the data analysis 
and report composition is entirely the 
work of the individual, the student who 
exerts himself to a greater extent on the 
first several reports performs less routine 
work than the less industrious student 
who never achieves an exemption status. 

To provide a breathing space between 
projects, a demonstration laboratory is 
arranged in which data are developed to 
verify the theories associated with buck- 
ling, strain hardening and relaxation of 
metals, combined stresses, etc. which are 
not covered in project assignments. These 
sessions require prior study by the stu- 
dent on subjects to be covered and a 
one-hour quiz is given to the class the 
following period on the theory and ex- 
perimental results obtained. No reports 
are required of the students for the dem- 
onstration laboratory sessions. 

A final examination is given in the 
course which is designed for a full three- 
hour period. Needless to say, with such 
an approach taken to the course work 
during the semester, the instructor may 
let his imagination run wild in the 
preparation of the examination. Such 
was the case during the past year when 
the instructor gave a single problem 
which required the preparation of a 
working plan for a testing procedure to 
develop experimental data on a new re- 
inforced plastic material for which the 
required data had never been obtained 
by anyone previously. An examination 
of this nature permitted complete free- 
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dom on the part of the students to refer f who 1 
to any literature they could obtain within 
the library or other sources, though they f jem o 
were advised that they would have to f phint: 
rely primarily on fundamental testing } comp! 
principles proven successful in tests with f jndeec 
other types of materials. On several oc. F jgstruc 
casions, oral examinations have been organi 
given in conjunction with a written ex. f with t 
amination. The oral examination is de- | type c 
sirable from the standpoint of obtaining f nd th 
a better evaluation of the student’s abil- f suden 
ity to reason and to think clearly, but has F consur 
the disadvantage of extending over a f and gi 
period of six to eight hours if the class § |eved 
is fairly large. Therefore, it has been 
necessary to limit the oral examination 
technique to class sections of no more 
than seven or eight students. 

This plan of presenting the laboratory 
course work is obviously limited to small 
class sections. The facilities at the Uni- 
versity of Virginia permit work to pro- 
ceed on three or four projects simulta 
neously, so classes consisting of groups Th 
of three or four students each may bef 
handled without difficulty. Thus, a total} ain 
of twelve students is considered the maf. Fit 
imum desirable class size. tsar’ 

The astute reader might observe that} “° ch 
the “new look” described herein is noth- — 
ing more than a sugar coated version off “UC 
the “current look” maintained by many is at th 
of the engineering schools today. To: effort 1 
certain extent, he would be correct, be jobs fo 
cause the materials investigated, the the §"* ™ 
ories validated, and the equipment uti-g 
lized are essentially the same regardles 
of the viewpoint. However, if swallow. 
ing the pill leaves a sweet taste insteal 
of a bitter taste in the mouth of the stv 
dent, there is no doubt that his educe 
tional experience has been more pleasait, 
and of greater importance, more effec 
tive. Also, the reader who has not hal 
personal experience with the _projed 
method of teaching may observe that the 
“new look” necessitates a considerable 
increase in the work load of the instruc 
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ing the students to take advantage of the 
incentive plan mentioned previously. 

It is the opinion of the writer that the 
instructor is more than compensated for 
his additional effort by working with stu- 
dents who show enthusiasm, curiosity, 
and interest in their work to the point of 
accomplishing more than is required or 
even expected of them. The privilege 
of working with intellectually quick stu- 
dents who have been stimulated to a 
degree by the instructor is rewarding in 
a way that can be understood and ap- 
preciated only by a truly devoted teacher. 
Indeed, this is teaching at its best. 


who make the extra effort because they 
don’t seem to mind working on a prob- 
lm of real interest to them. The com- 
paints come from those who try to ac- 
emplish as little as possible. There is 
indeed some increase in the time that the 
instructor must spend in devising and 
organizing the projects when compared 
with the time spent in the conventional 
type course. Also, the group conferences 
and the informal consultations held with 
students between class meetings is time 
consuming. The heavier task of reading 
and grading lengthy reports may be re- 
lieved by an assistant and by encourag- 


AFTER-COLLEGE PROFESSIONAL DEVELOPMENT 


Engineers are costly for society to produce. They are expensive to maintain. 
Their output is important to our continued growth, to our high standard of living 
and in these times particularly to the safety of our country. It is most important that 
this valuable resource be used to its maximum. 

The process by which a young engineer is effectively fitted to a job can be a short 
one or a long one but in any case it involves three steps: first, finding the job; second, 
learning the job and; third, growing in the job. 

Finding the right job needs attention. Because of the rapid development of 
science the problems of adapting a particular capability to a particular task of which 
are changing rapidly is formidable. Learning the job after one gets it may be 
routine but keeping up is not. Someone has said that the half life of an engineer's 
education is 15 years. If this is true the technical deterioration of a man’s education 
isat the rate of 3% a year. If we are not to lose this technical capability a constant 
effort must be made to keep our people abreast of the times and also working on those 
jobs for which they continue to be best fitted. This effort must not be left to chance 
nor made exclusively dependent on good motivations or the judgment of our young 
engineers, but it must also be purposely planned and purposely fostered by responsible 
executives in industry, professional organizations and colleges. 

The ECPD’s Committee for the Development of Young Engineers has addressed 
itself to these purposes. The building blocks of the plan are: (1) Career Orientation; 
(2) Continuing Education; (3) Professional Identification; (4) Responsible Citizen- 


ship; (5) Selected Reading; (6) Personal Appraisal. 


The means of implementation are through community action, through action of the 


professional societies, through industry and its training and professional development 
Programs, and through schools, particularly those concerned with night classes and 
graduate activity. 


Specifically, we feel that a wide distribution of literature which ECPD has prepared 


and discussions of the points brought up in this literature can go far to doing the job. 
Information on ECPD’s publications can be obtained by writing to: 


Engineers’ Council for Professional Development 
29 West 39th Street ° 
New York 18, New York 
JoHn GAMMELL, Chairman 
Committee on Development of 
Young Engineers 
Engineers’ Council for Professional 
Development 


| 
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INTERNATIONAL STUDIES PROGRAM 


The University of Wisconsin’s College of Engineering and the Mexican Institute 
of Technological and Advanced Studies at Monterrey, Mexico will cooperate in a unique 
program for the training and education of American engineering students at the 
Mexican institution during the next two years. 

The program, first of its kind in the history of United States-Mexican higher 
education, was made possible with acceptance of a $100,000 grant by the UW Board 
of Regents from the Carnegie Corporation of New York. The funds will support a 
junior year program for UW engineering students at the Instituto Tecnologico y de 
Estudios Superiores de Monterrey, Mexico. 

The program is a pioneering undertaking in the field of student exchange with 
foreign universities in a professional area. Its first year is planned as a pilot study 
involving only UW engineering students. It may be extended to other American 
universities later. 

Because of the modern significance of technology in international affairs, it is felt 
that the program can be important both from a technological standpoint and the 
standpoint of greater improvement in international relations. | Abroad cultural 
training of the UW engineers is an added important benefit. 

Besides the College of Engineering, the University Extension’s correspondence 
study department and the University’s department of Spanish and Portuguese are 
cooperating in the program. 

Under the program, eight UW engineering students, after special Spanish language 
and cultural training, will spend their junior year at the Mexican institution of higher 
learning. The selected students will be required to enroll in a special home study 
program in Spanish in UW Extension. Expenses for this part will be covered by the 
grant for the program, and successful completion of the course will be a necessary 
condition for continuing in the program. 

Selection of students for the intensive language and orientation phase of thé 
program during the summer would be made after reports on the home study cours 
have been received. The students selected would be notified, and if they accepted, 
would be expected to enroll in a special summer program limited to the selected 
students. All fees, room, board, and incidental expenses during the session will bé 
paid by the program. 

Students who have been selected for the year at Monterrey will be notified, and 
travel costs will be granted up to a maximum of $200 roundtrip. Upon arrival if 
Monterrey, Mexico, the students will be under supervision of the Instituto Tecnologie) 
y de Estudios Superiores de Monterrey. 

Students who accept a scholarship and become a part of the program must sigi 
an agreement, co-signed by a parent, that they will not leave Monterrey during thé 
academic year except under supervision of the Instituto and will not return to the 
U. S. until all examinations and academic requirements have been fulfilled and formal 
dismissal given by the Instituto. 

The program will operate throught the UW Engineering Experiment Station undéf 
administration of Associate Dean W. R. Marshall, Jr. 
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Teaching Positions Available 


INDUSTRIAL ENGINEERING—MAN 
to teach industrial engineering courses 
primarily in fields of work measurement, 
methods, some statistics. Minimum edu- 
cational background. Master’s degree 
in Industrial Engineering or Mechanical 
Engineering with a strong industrial en- 
gineering background—rank and _ salary 
dependent upon qualifications. Write 
Dean of Engineering, University of 
Toledo, Toledo 6, Ohio. 


ELECTRONIC, MECHANICAL, IN- 
dustrial, Civil Engineers. Southern Cali- 
fornia Engineering program in a new 
State College will quadruple by 1970. 
Opportunities for 3 faculty members in 
Electronics, 3 in Mechanical, 1 each in 
Civil and Industrial Engineering. (Mod- 
ern experience or training desired.) 
Rank and salary commensurate with 
qualifications and experience. Industrial 
experience more important than a Ph.D. 
Men with drive and imagination, who 
like to help build a strong engineering 
program, are invited to inquire. Write 
to: Dean Harold P. Skamser, Engineer- 
ing Division, California State Polytech- 
nic College, Pomona, California. 


OPENINGS IN MECHANICAL ENGI- 
neering, starting September 1961, for 
two men, preferably with Ph.D. degree. 
One in Nuclear Engineering or thermo- 
dynamics and heat transfer, and one in 
Applied Mechanics. Research and con- 
sulting opportunities are also available. 
Write Dr. Ralph D. Baker, Head, De- 
partment of Mechanical Engineering, 
University of Utah, Salt Lake City 12, 
Utah. 


MECHANICAL ENGINEER—POSI- 
tion for Industrial or Production Engi- 
neer open summer 1961 with University 
of Kentucky Contract Team, Bandung, 
Indonesia. M.S. required, Ph.D. pre- 
ferred, teaching experience necessary. 
Industrial experience important. Salary 
and rank open. 2-year assignment. 
Transportation for family and house pro- 
vided. Send biodata and references to 
Dr. Merl Baker, University of Kentucky, 
Lexington, Ky. 


POSITION OPEN FOR HOLDER OF 
B.S. or M.S. in Met.E. new or recent 
graduate who wants to perform graduate 
work and teach. Teaching assignment 
will depend on capabilities of applicant 
and will be in the basic metallurgical 
courses and laboratories. Sufficient free 
time to carry three courses graduate 
study toward degree per term at nearby 
university, tuition and expenses paid, 
Excellent opportunity for young man 
with need to earn more than usual fel- 
lowship or assistantship stipend and to 
gain valuable teaching experience. For 
details apply to Dr. L. J. McGeady, 
Head, Dept. of Metallurgical Engineer- 
ing, Lafayette College, Easton, Pa. 


TEACHING POSITION IN CHEM. 
ical engineering in a new and expanding 
department. Ph.D. with industrial and 
teaching experience preferred. Rank 
and salary dependent upon qualifications. 
Apply to Director, Chemical Engineer- 
ing Department, Manhattan College, 
New York 71, N. Y. 


EXCELLENT OPPORTUNITY FOR 
instructors in tool design, machine de- 
sign with ME and_ IE_ background 
Stimulating work and professional devel- 
opment on new, growing campus of two- 
year college of State University of N. Y. 
accredited by MSA and ECPD. BBS. 
required; Master’s degree and/or teach 
ing experience desirable. Starting sal: 
aries, depending on experience, back 
ground, comparable with those in indus 
try. Write full details to Mr. Benjamin 
Davis, Head—Mechanical Department, 
Mohawk Valley Technical Institute 
Utica, N. Y. 


ELECTRICAL ENGINEERING. 
Teaching positions are open in the ares 
of circuits, digital computers, measute 
ments, communications, control system 
and electronics at the undergraduate 
level. Rank and salary are dependetl 
upon qualification. Apply to the Acting 
Chairman, Department of Electrical En 
gineering, Essex College, Windsor, 01 
tario, Canada. 
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POSITIONS AVAILABLE IN ELEC- 
trical Engineering, Mathematics, and 
Physics. M.S. required, Ph.D. desired. 
Salary and rank commensurate with 
qualifications. Apply: Earle M. More- 
a. Dean, College of Applied Science, 
Rochester Institute of Technology, 65 
Plymouth Avenue South, Rochester 8, 
New York. 


ASSISTANT PROFESSOR OF CIVIL 
Engineering to teach primarily in the 
field of structural analysis and design. 
Experienced man with M.S. or Ph.D. 
(preferred). Opportunity for part-time 
consulting or research work. Write to 
President Guy A. West, Sacramento 
State College, Sacramento 19, California. 


MECHANICAL ENGINEERING 
teaching vacancy: Ph.D. desired, Mas- 
ters degree required, heat transfer em- 
phasis preferred. Salary and academic 
rank dependent upon qualifications and 
experience. Apply to: Dean, Norwich 
University, Northfield, Vermont. 


MECHANICAL ENGINEERING PO- 
sition—to teach undergraduates and di- 
rect graduate programs in the thermody- 
namics-heat transfer field. Write A. W. 
Anderson, Chairman, Mechanical Engi- 
neering Department, North Dakota State 
University, Fargo, North Dakota. 


ELECTRICAL ENGINEERING: _IN- 
structor to professor and chairman of 
department. Doctorate required for 
higher ranks. Teaching and/or indus- 
trial experience desirable. Special inter- 
est should be in electronics, field theory, 
or servomechanisms. Salary open. At- 
tractive fringe benefits. Apply to Dean 
E. R. McKee, University of Vermont, 
Burlington, Vermont. 


ASSISTANT OR ASSOCIATE PRO- 
fessor of Mechanical Engineering. Will 
be responsible for courses in the field 
of Applied and Theoretical Mechanics. 
Must be interested in research. Ph.D. 
preferred. Write to Department of Me- 
chanical Engineering, Oregon State Col- 
lege, Corvallis, Oregon. 


xi 


POSITION OPEN AT LAFAYETTE 
College, Easton, Pa. Opportunity to 
teach undergraduates in Metallurgical 
Engineering in accredited curriculum 
and to perform research. Growing metal- 
lurgical department numbering about 20 
grads. per yr. College offers programs 
in liberal arts, sciences and engineering. 
Excellent basic laboratory facilities. First 
appointment will not be at tenure level. 
Opportunities for graduate study or post 
graduate study nearby. Very pleasant 
college community. Apply to Dr. L. J. 
McGeady, Head, Dept. of Metallurgical 
Engineering. 


ELECTRICAL ENGINEERING. 
Ph.D. degree required. Teaching ex- 
perience desirable but not necessary. 
Excellent opportunity for young man in- 
terested in teaching electronics, network 
theory, control systems and computers 
at undergraduate and graduate level. 
Appointment effective September 1961. 
Write to Chairman, Electrical Engineer- 
ing Department, University of Houston, 
Houston 4, Texas. 


POSITION AVAILABLE FOR MAN 
to teach courses in engineering drawing 
and descriptive geometry. M.S. pre- 
ferred. Opportunity for graduate work 
location midwest. Salary and rank de- 
pendent on qualifications. Write to 
51-8, Journal of Engineering Education, 
University of Illinois, Urbana, Illinois. 


INDUSTRIAL ENGINEER WITH 
Master’s degree and industrial experi- 
ence or Ph.D. Position requires some 
administrative work and major interest 
in time and motion analysis and factory 
layouts. Send biographical resume to 
Director, Department of Engineering, 
Saint Louis University, St. Louis 8, Mo. 


POSITIONS AVAILABLE FOR 
teachers of E.E., M.E., Physics and 
Math. M.S. degree minimum require- 
ment; Ph.D. desirable. Salary and rank 
will depend on qualifications. Excellent 
fringe benefits. Apply: Dean of Faculty, 
Lowell Technological Institute, Lowell, 
Massachusetts. 
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NEW PUBLICATIONS 
FROM PRENTICE-HALL 


E.1.T. Review 


by VIRGIL M. FAIRES, U.S. Naval Postgraduate 
School, Monterey, California, and JOY O. RICHARD- 
SON, California State Polytechnique College 


1961 288 pp. Text price: $6.75 


Kinematics and Linkage Design 
by ALLEN S. HALL, JR., Purdue University 
1961 192 pp. Text price: $6.35 


Electronic Engineering Principles, 
3rd Ed. 


by J. D. RYDER, Michigan State University 
1961 480 pp. Text price: $9.50 


Introduction to Electrical 
Engineering Science 

by HAROLD A. FOECKE, University of Notre Dame 
September 1961 720 pp. Text price: $11.25 


for approval copies. write: Box 903 
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Creative Engineering Analysis 


by F. L. RYDER, Scientific Research Staff, Republic 
Aviation Corporation 


1961 308 pp. Text price: $6.75 


Advanced Design in Structural Steel 


by JOHN E. LOTHERS, Consulting Engineer, Still- 
water, Oklahoma 


1961 544 pp. Text price: $11.25 


Mechanics of Solids and Fluids 


by ROBERT R. LONG, The Johns Hopkins University 
1961 176 pp. Text price: $6.35 


Proceedings of the National 
Symposium on Machine 


Translation 


edited by H. P. EDMUNDSON, Senior Associate, Plan- 
ning Research Corporation, Member of the Teaching 
Staff, University Extension, University of California, 
Los Angeles 


1961 450 pp. Price to be announced 


Goals for Americans 


Report of the President’s Commission on National Goals 
THE AMERICAN ASSEMBLY 


1960 372 pp.  S-AA-3 SPECTRUM 


paper edition: $1.00 
Library (cloth) edition: $3.50 


PRENTICE-HALL, Ine. 
Englewood Cliffs. New Jersey 
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Section Meetings 


Location of Meeting 


ll. Inst. of Tech. 


Dates 
April, 1961 


May 13, 1961 


Chairman of Section 


E. R. Schatz, 
Carnegie Institute 
of Technology 


Peter Chiarulli, 
Ill. Inst. of Tech. 


Kansas-Nebraska Kansas State U. Oct., 1961 M. H. Snyder, 
Univ. of Wichita 
Michigan Michigan State U. April 22,1961 C. E. Cutts, 
Mich. State Univ. 
Middle Atlantic Drexel Inst. of Tech. May 6, 1961 F. L. Singer, 
New York Univ. 
Missouri-Arkansas Saint Louis Univ. April 8, 1961 V. T. Allen, 


Saint Louis Univ. 


National Capital Area Jan. 10, 1961 Geo. H. Hickox, 
Ft. Belvoir, Va. 
New England Brown University Oct., 1961 E. F. Littleton, 
Tufts Univ. 
North Midwest Marquette Univ. Oct., 14-15, R.. J. Kipp, 
1960 Marquette Univ. 
Ohio Ohio State Univ. May 6, 1961 R. S. Green, 
Ohio State Univ. 
Pacific Northwest Univ. of Washington May 5-6, H. P. Mittet, 
1961 Univ. of Washington 
Pacific Southwest Stanford University Dec. 28-29, R. J. Parden, 
1960 U. of Santa Clara 
Rocky Mountain University of Apr. 28-29, A. J. McGaw, 
Wyoming 1961 Univ. of Wyoming 
Southeastern Univ of Mississippi April 20-21, W. J. Seeley, 
1961 Duke Univ. 
Southwest Univ. of Tulsa Apr. 7-8, 1961 G. B. Tims, Jr., 
Lamar State College 
Upper N. Y.-Ontario Clarkson College Oct. 1961 R. D. Larsson, 


Clarkson College 


Mid-Winter Meetings—1961 


Cooperative Education 


Jan. 23-25 


University of Detroit 


Information: D. C. Hunt, Director of Coordination and Placement, University d 
Detroit, Detroit, Mich. 
Engineering Graphics Jan. 19-21 University of Wichita 
Information: A. C. Risser, Head, Engineering Drawing, University of Wichita 
Wichita, Kansas 


College-Industry Conference University of Cincinnal 


Feb. 2-3 


Information: C. Wandmacher, Assoc. Dean of Engineering, University of Cit 
cinnati, Cincinnati, Ohio 


NAME 


ADDRE 


.—May 1961 


of Section 


nstitute 
ology 
‘ulli, 
Tech. 
ler, 
ichita 
Univ. 


Univ. 


Univ. 
ickox, 


ton, 


Univ. 
1, 
Univ. 


ct, 
Vashington 

a Clara 


aw, 
Vyoming 


ey, 


s, Jr., 
te College 


son, 
Sollege 


Detroit 
University 


of Wichita 
of Wichita 


of Cincinnati 


Order Form 


ENGINEERING COLLEGE 
RESEARCH REVIEW 


Mail to: 


W. L. Collins, Secretary 


American Society for Engineering 
Education 


University of Illinois 


Urbana, Illinois 


Please send me ........ copy(ies) 
of the 1961 Engineering College 
Research Review. 


Payment of $4.00 per copy is en- 
closed 0 


Send invoice with delivery O 


rsity of Cit 


BESELER 
VU-GRAPH 


Operated from the front of a fully 
lighted room the Vu Graph is a teach- 
er’s “electric blackboard.” Facing the 
class at all times, the teacher projects 
what he writes, as he writes it. A new 
word appears on the screen the instant 
he says it . . . step by step a problem 
is solved before the eyes of the entire 
class as he explains it. Almost with- 
out effort the Vu Graph becomes his 
“right hand of teaching.” 

To learn about the specific benefits 
of Vu Graph Overhead Projectors for 
your school write for a free, ‘‘no obli- 
gation” demonstration ... or “Vu 
Graph As An Instructional Aid,” a 
free, informative booklet written for 
teachers by teachers. 


CHARLES BESELER COMPANY 
218 So. 18th St., East Orange, New Jersey 
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The first elementary treatment of 
particle acceleration 


PRINCIPLES OF 
CYCLIC PARTICLE ACCELERATORS 


by JOHN J. LIVINGOOD, Department of Physics, Argonne National Labo 
ratory 


Published by arrangement with the U.S. Atomic Energy Commission and Argonne 
National Laboratory, this new work is the first elementary treatment of particle 
acceleration. It fills the gap between the existing monographs which give ¢ 
qualitative picture of cyclic accelerators and comprehensive review articles. The 
author follows the development of acclerators from the simpler to the more com- 
ff plex, giving the student a quantitative understanding of the basic principles of the 
large variety of existing particle accelerators. Emphasis falls on the dynamics of 
the particle, in the linear approximation. The book is suitable for senior or gradi 
ate courses in particle acceleration. June 1961, 430 pages, about $10.75 #4 


A sound survey of nuclear science 


INTRODUCTION TO 


NUCLEAR SCIENCE 


NUCLEAR 
SCIENCE by ALVIN GLASSNER, Associate Chemist, Argor 


by ALVIN GLASSNER 


National Laboratory 


This is a sound, elementary survey of nuclear scieng 
and its impact upon the other physical and natural 
ences. After a brief review of atomic structure, 
author discusses the most recent detection methoa 
and the known forms of radiation. Then he describe 
the nucleus and nuclear reactions, and surveys accel 
tors and reactors. The final chapters cover application 
of nuclear science in chemistry and biology. A series of experiments, developal 

and tested by the Argonne staff, iliustrates fundamental phenomena and principlé 

1961, 223 pages, $3.75 


D. VAN NOSTRAND COMPANY, INC. | 
120 Alexander Street, Princeton, New Jers j 
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“In this day and age of conform- 
ism, when most texts tread lightly 
over little-understood subjects and 
limit themselves to what is con- 
sidered acceptable and free of con- 
troversy by the scientific commu- 
nity, it is refreshing to find two 
authors who have dared to pose un- 
answered questions in order to stimu- 
late the reader's intellect.” 


H. Hodara in Electronics 


OUNDATIONS OF ELECTRODYNAMICS 


by PARRY MOON, Associate Professor of Electrical Engineering, Massachu- 
setts Institute of Technology, and DOMINA EBERLE SPENCER, Associate Pro- 
fessor of Mathematics, University of Connecticut 


"This book offers a novel and refreshing approach to a classical subject. . . 
Malhe strength of the book lies in stating clearly from the beginning the basic 
Mpostulates of electromagnetism and stressing topics too easily dismissed in other 
exts dealing with the subject. The authors are to be complimented for their 
reatment of retarded potentials, their careful derivation of the divergence and 
toke’s theorems in terms of retarded quantities and their logical development of 
electromagnetic induction.” H. Hodara, Head of Space Communications, The 
allicrafters Co., in Electronics. 1960, 324 pages, $9.75 


IELD THEORY FOR ENGINEERS 
by PARRY MOON and DOMINA EBERLE SPENCER 


his is the first text and reference volume specifically devoted to field theory for 
Eengineers. By applying a single mathematical method, the authors unify the treat- 
ent of all branches of field theory—including electromagnetic, acoustical, ther- 
al, and gravitational. Assuming a background in differential equations, vector 
nalysis, and elementary physics, the book covers the eleven coordinate systems of 
isenhart, as well as bicylindrical, bispherical, toroidal, and other coordinates. 
March 1961, 525 pages, $12.75 


The Van Nostrand Series in Electronics and Communications 


VAN OSTRAND COMPANY: Inc. 


120 ALEXANDEP. STREET PRINCETON + NEW JERSEY 
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BOOKS 


MODERN PRODUCTION MANAGEMENT 


By Etwoop S. Burra, University of California, Los Angeles. An up-to-date 
introduction to today’s theory and practice in production management. /96/, 
623 pages. $8.50. 


ELEMENTS of NUCLEAR ENGINEERING 


By Guenn Murpuy, Iowa State University of Sctence and Technology. A 
general survey for engineering students of radiation, fission, fusion, and other 
nuclear transformations and their engineering applications. /96/. 2/3 pages. 
$6.25, 


PRODUCTION FORECASTING, PLANNING, 
and CONTROL 
Third Edition 


By E. H. MacNetce, YFohnson &F Fohnson. This well-known text has now 
been thoroughly revised, and expanded about 20%. /96/. 402 pages. $8.25. 


OPERATIONAL ELECTRICITY—tTheory, Characteristics, Applications, 
and Mode of Operation of Circuits and Machines 


By Cuartes I. Husert, United States Merchant Marine Academy. An 
integrated introduction to ac and de circuits and machines. /96/. In press. 


ELEMENTARY FLUID MECHANICS—Fourth Edition 


By Joun K. VEnnaARD, Stanford University. ‘The revised edition includes new 
material on mathematical hydrodynamics and compressible flow. /96/. 


In press. 


The PHYSICAL PRINCIPLES of ASTRONAUTICS 
Fundamentals of Dynamical Astronomy and Space Flight 


By Artuur I. Berman, Hartford Graduate Division, Rensselaer Polytechnic 
Institute. A concise introductory text that thoroughly explores fundamental 


concepts and ideas. /96/. Approx. 360 pages. Prob. $7.75. 


ENGINEERING DRAWING and GEOMETRY—Second Edition 


By Ranvo.pu P. HoEtscuer and H. Sprincer, both of the Univer- 
sity of Illinois. Revisions include five new chapters on material specification, 
nomography, graphical vector analysis, curve fitting, and graphical mathematics, 
1961. Approx. 706 pages. $8.95. 


FRAME ANALYSIS 


By A. S. Hatt and R. W. Woopuean, both of the University of New South 
Wales, Australia, 1961. Approx. 264 pages. $7.00. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South, New York 16, N.Y. 
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